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ABSTRACT

During the funding period (June 01 — May 05), we have completed the most Aims and subaims proposed in the proposal,
i.e. to determine the anti-tumor and the pro-apoptotic activities of p202 in prostate cancer cells; to understand the
molecutar mechanisms underlying the p202-mediated anti-growth, anti-tumor, and potential pro-apoptosis activities in
prostate cancer; and to test the anti-tumor activity of p202 in prostate cancer cells using preclinical gene therapy strategies
and to determine the efficacy of a combined treatment with TNF-a in an orthotopic prostate cancer model. In an attempt to
initiate a p202 clinical trial, we have communicated with the FDA and been informed that the human gene is preferable
over murine one. Therefore, we have proceeded to clone a human counterpart of p202 gene, the AIM2 (absent in
melanoma). We have obtained encouraging results on AIM2 that has the similar effect of p202 in anti-growth activity in
prostate cancer cells in cell culture, and exhibits an anti-tumor growth activity in animals bearing mammary tumors. To
further extend the specificity for both androgen receptor-positive and —refractory prostate cancers, we have newly
developed a broad spectrum of robust prostate cancer-specific expression vector. We intend to test the therapeutic
efficacy and specificity by using the broad spectrum of prostate cancer-specific promoter to drive the therapeutic gene,
AIM2 in animals. In an attempt to discover more novel strategies to treat prostate cancer, emodin, which has shown a
promising killing effect on prostate cancer cells.
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INTRODUCTION:

The interferon family (IFN) is composed of three classes: o, f an y (1). The IFN family
not only plays an integral role in host defense system against certain tumors and foreign
antigens such as viruses, bacteria and parasites; but also possesses immunomodulatory
and cell growth-inhibitory activities. However, the molecular mechanisms involved in
IFN’s anti-tumor activity are remained elusive. In a recent study, several IFN-inducible
proteins are implicated in the process of tumor suppression (2). Moreover, based on
DNA analysis, 19 out of 95 IFN-inducible genes are differentially downregulated during
prostate tumor progression (3). The anti-cellular function of IFNs has been attributed to
their abilities to induce G, phase arrest in cell cycle (4-6). P202, an IFN-inducible gene
is a primarily nuclear 52kd phosphoprotein, has been shown to have a growth retardation
function that was presumably accomplished by its ability to bind several cell-cycle
regulatory proteins such as E2Fs, AP1, NFxB and pRb, resulting in the failure of S phase
entry (7-9). Using p202 as a therapeutic agent, we have demonstrated that the multiple
anti-tumor activities in human cancer xenograft models including breast and pancreatic
cancers (10-11). Tumor-bearing mice treated with liposome/p202 complex had
suppression of tumor growth, inhibition of angiogenesis and metastasis. In an earlier
study on human prostate cancer cells, we observed that augmented expression of p202
inhibits cellular proliferation and suppresses transformation phenotype in vitro (12). Our
ultimate goal is to develop a gene therapy strategy that would specifically deliver p202 to
the prostate cancer cells so that the “normal cells” would not be affected by such
treatment. To accomplish our goal, three specific aims are proposed (see below). The
success of those aims will constitute a scientific basis for p202-associated anti-tumor
effect on prostate cancer cells and will enable us to develop a novel p202 gene therapy

strategy against prostate cancer.

Within the three-year funding period, we have succeeded to complete most of the Aims

.(and subaims). In an attempt to develop the p202 gene as a therapeutic gene for human

clinical trials, we initiated a communication with the FDA and were told that the p202

gene is of mouse origin and it is not favorable for human clinical trials. Hence, to



circumvent the potential drawback of using murine p202 gene for clinical trials and to
maintain the benefits of p202 therapeutic efficacy, we have screened human p202 family
genes and identified the AIM2, a human IFN-inducible protein, as a potential therapeutic
agent in place of p202. The structurally related human (AIM?2, IFI16 and MNDA) and
murine (p202, p203, p204 and D3) geneé belong to the 200-family, a family consisting of
IFN-inducible proteins (13-18). Since then, we have shown that AIM2 gene has
exhibited many characteristics of p202, a manuscript is under preparation (portion ‘of

figures are included as Appendix 1 in this final report).

BODY:

A. SPECIFIC AIMS: (NO CHANGES)

Specific Aim 1: To determine the anti-tumor and the pro-apoptotic activities of

p202 in prostate cancer cells.

a. determine the anti-tumor and the pro-apoptotic activities of p202 in prostate
cancer cells;

b. determine pro-apoptotic activity of p202 in response to therapeutic agents, e.g.
TNFa.

Specific Aim 2: To understand the molecular mechanisms underlying the p202-

mediated anti-growth, anti-tumor, and potential pro-apoptosis activities in prostate

cancer.
a. determine the effect of p202 on G1/S cell cycle regulators in prostate cancer cells;
b. determine the effect of p202 on G2/M cycle regulators in prostate cancer cells.

Specific Aim 3: To test the anti-tumor activity of p202 in prostate cancer cells using
preclincal gene therapy strategies and to determine the efficacy of a combined

treatment with TNF-a in an orthotopic prostate cancer model.

a. test the anti-tumor activity of p202 gene for tumors induced by s.c. injection;
b. test the anti-tumor activities of p202 gene for orthotopic prostate model;

c. develop a prostate-specific gene therapy strategy.

B. STUDIES AND RESULTS:




In this final report, we have completed the Specific Aim 1 a, Specific Aim 2 a to b, and
Specific Aim 3 a to c in the funding period. As mentioned above, in an attempt to

develop the p202 gene as a therapeutic gene for human clinical trials, we initiated a

communication with FDA and were told that the p202 gene is of murine origin and

therefore, it is not appropriate for human clinical trials. In the last report, we have shown
that AIM2 (Absent In Melanoma), a human homologue of p202 gene, has an anti-growth
activity. Here, we report that AIM2 exhibits an anti-tumor activity on human breast
cancer in an orthotopic mouse model (Appendix 1, Fig.1). Using luciferase report assay,
we have demonstrated that, AIM2 expression as expected to be similar to p202, can
repress NF-kB-mediated transcription activation in response to TNFo and p65-activated
transcription, respectively (Appendix 1, Fig. 2 and 3). Therefore, human AIM2 may

suppress tumor growth through a similar mechanism of p202.

To further investigate the growth inhibitory effect of AIM2, we have established stable
clones of AIM2 by an inducible tetracycline regulatory system (Tet-off) in vitro
(Appendix 1, Fig. 4). In addition, we observed that AIM2 expression under inducible
tetracycline regulatory system (Tet-off) decreases the tumor volume on human breast
cancer in an orthotopic mouse model (Appendix 1, Fig. 5). Thus, AIM2, like mouse
p202 possesses an anti-tumor activity; and could be a potential candidate for future

human clinical trials.

For patients with advanced or metastatic prostate cancer that is initially androgen-
dependent (ADPC), hormonal deprivation therapy (ADT) is the primary choice.
However, this modality eventually fails because prostate cancer frequently develops to an
androgen-independent state within 2 years (19,20). Androgen-independent prostate
cancer (AIPC) is an untreatable form of prostate cancer in which the normal dependence
on androgen for growth and survival has been bypassed (21). AIPC is a lethal form of
prostate cancer that progresses and metastasizes. In the prostate cancer gene therapy
setting, prostate specific promoters, such as prostate-specific antigen (PSA) (22-24) and

probasin (PB) (25-28), have been recently developed and tested by many groups




including us. We have recently developed a robust prostate cancer promoter composite
using the hTERTp promoter as a base in combination of TSTA and WPRE. Telomerase is
an RNA-dependent DNA polymerase that synthesizes telomeric DNA. The telomerase
holoenzyme is composed minimally of a constitutively expressed, template-containing
RNA subunit and a catalytic protein subunit (human telomerase reverse transcriptase,
hTERT) (29). Telomerase expression is highly elevated in malignant tumors and cancer
cell lines uncluding prostate cancer cells but not in normal tissue (30). Recently, the
hTERT promoter (h\TERTp) has been used for cancer gene therapy (31-33). However,
the activity of this unmodified hTERTp is much weaker than that of the commonly used
CMV promoter (31,34’3 5). To augment the transcriptional activity of hTERTp, we have
recently developed a robust prostate cancer-specific expressing vector using the two-step
transcriptional amplification (TSTA) system (36,37). This robust expression systems
allows the therapeutic gene to be selectively expressed in prostate cancer cells in a level
that is comparable to that of CMV promoter, yet its expression level in normal tissues
and cell lines are virtually non-detectable compared to that of CMV promoter (please see
Appendix 3 for detailed description). This TSTA-derived expression vector will be

useful for prostate cancer targeting gene therapy.

In addition to development for prostate cancer-specific gene therapy, in the funding
period, we also identified a small molecular, emodin (1,2,8-trihydroxy-6-
methylanthraquinone), a natural compound extracted from Rheum palmatum, can directly
target AR to suppress prostate cancer cell growth in vifro. Our results showed that
emodin inhibits AR transcriptional activity by preventing AR nuclear translocation.
Emodin treatment results in decreased association of AR and heat shock protein 90
(hsp90) but increased association of AR and MDM2, thus inducing AR degradétion ina
ligandindependent manner. Most importantly, we showed that, through targeting AR,
emodin could suppress prostate cancer cell growth in vitro and prolong the survival of
prostate cancer—producing C3(1)/SV40 transgenic mice in vivo. Our work indicates a
new mechanism for the emodin-mediated anticancer effect and justifies further

investigation of emodin as a therapeutic and preventive agent for prostate cancer (please




see Appendix 2 in detail).

KEY RESEARCH ACCOMPLISHMENTS:

SPECIFIC AIMS

¢ We have completed Specific Aim 1 a, Specific Aim 2 a to b, and Specific Aim 3 a to
c. }

* AIM?2 possesses anti-cancer/anti-tumor activities in vitro and in vivo.

* We have developed a robust prostate cancer-specific promoter for both androgen

dependent and independent prostate cancers.

REPORTABLE OUTCOMES AND PERSONNEL

A. REPORTABLE OUTCOMES:

PUBLICATION

1. Wen, Y., Giri, D., Yan, D.-H., Spohn, B., Zinner, R. G., Xia, W., Thompson, T.C.,
Matusik, R.J. and Hung, M.-C Prostate specific anti-tumor activity by probasin
promoter-directed p202 expression. Mol. Carcino. 37:130-137, 2003.

2. Cha, T.-L., Qiu, L., Wen, Y. and Hung, M.-C. Emodin downregulates androgen
receptor and inhibits prostate cancer cell growth. Cancer Res. 65:2287-2295, 2005.

GRANT APPLICATION

Under the support of DAMD17-01-0-0071, we have submitted a grant entitled “Targeted
gene therapy for androgen dependent and independent prostate cancer” (log number:
PC051055) for 02/08/05 deadline. (Appendix 3 due to the large size, only the scientific
body part of grant application is included for the Final Report)

B. PERSONNEL

Principal Investigator: Mien-Chie Hung, Ph.D.
Co-Project Investigator: Lin Qiu, Ph.D.
Co-Project Investigator: Dipak Giri, Ph.D.




Co-Project Investigator: Yong Liao, Ph.D.
Ph.D. Graduate Student: Yan Li, M.D.
Ph.D. Graduate Student: Xiuping Liu
Ph.D. Graduate Student: Zhenming Yu

CONCLUSIONS AND SIGNIFICANCE:

We have completed the Specific Aim 1 a, Specific Aim 2 a to b, and Specific Aim 3 a to
¢ in the funding period. In an attempt to develop the p202 gene as a therapeutic gene for
human clinical trials, we initiated a communication with the FDA and were told that the
p202 gene is of mouse origin and it is not favorable for human clinical trials. Hence, to
circumvent the potential drawback of using murine p202 gene for clinical trials and to
maintain the benefits of p202 therapeutic efficacy, we use the AIM2, a human IFN-
inducible protein, as a potential therapeutic agent in place of p202. human AIM2 may
suppress tumor growth through a similar mechanism of p202. Thus, AIM2 could be a
potential candidate for future human clinical trials. To further specially target prostate
cancer, we have developed a prostate cancer-specific expression vector for both androgen
dependent and independent prostate cancers using TSTA system to augment the
expression of gene of interested. This expression vector is highly specific for prostate

cancer and will be conveniently applied for development of prostate cancer-specific gene

therapy.

We greatly appreciate the funding opportunity provided by Department of Defense on
prostate cancer. We have achieved most of our original goals. Due to the practical
reason that p202 is of mouse origin, we have further developed other directions to fulfill
our goals to develop targeted gene therapy for prostate cancer, namely identification of
human AIM?2 and its anti-cancer activity; and development of a robust prostate cancer-
specific expression vector using the two step TSTA system. In addition, we have also
developed a small molecular, emodin, a natural compound extracted from Rheum

palmatum that my serve as an anti-prostate cancer agent (Appendix 2).
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Appendix 1: 5 Figures

Fig.1 AIM2 exhibits an anti-tumor effect on human breast cancer cell in an
orthotopic mouse model. Six week-old female nude mice (ten mice/group) were
inoculated with 2x10° MDA-MB-435 breast cancer cells under mammary fat pad. Intra-
tumoral gene therapy with AIM2/Liposome (20ug/8ul, every other day) started after
tumors being established. Tumor sizes were measured with a caliper twice a week. The
tumor volume was calculated using the formula: Volume SxSxL/2 where S is the short
length of the tumor in cm and L is the long length of the tumor in mm (p<0.01).

MDA-MB-435 Orthotopic model
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Fig. 2 AIM2 expression represses NF-xB-mediated transcription activation in
response to TNF-a. kB-Luciferase reporter gene (0.2 ng) and CMV-Flag-AiM2 (0, 0.5,
or 1.5 ug) were cotransfected into MDA-MB-453 and MDA-MB-435 cells. Thirty-six hours
after transfection, cells were either left untreated or stimulated with TNFa (20ng/ml) for 6
hours. The relative luciferase activity in IkB-Luciferase expression was calculated by
setting kB-Luciferase expression in the absence of TNFa and AIM2 as 100%. It is
worthwhile to mention that the NF-xB activity in the presence of AIM2 is even lower than
the basal activity without TNFa stimulation. It suggests that AIM2 strongly inhibits NF-
kB activity including both basal leve! and TNFa-induced NF-xB activity.
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Fig. 3. AIM2 expression represses p65-activated transcription. MDA-MB-453 and
MDA-MB-435 cells were cotransfected with kB-luc and NF-xB (p65) expression vectors.
The inhibitory activity of AIM2 on the induction of IkB promoter activity by p65 was
assessed by cotransfection with AIM2 expression vector. Luciferase activity was
measured 48 hrs after transfection. The data represent an average of two independent
experiments after normalization.
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Fig. 4. The AIM2 suppressed breast cancer cells growth under inducible condition.
Two stable clones, #13 and #25, of MCF-7 under tetracycline regulation system (tet-off)
were selected. AIM2 expression levels were detected in panel (A). Cells were kept in
medium containing with doxycycline (1mg/ml). After seven days remove of doxycycline
in medium, cells were lysed and Western block with anti-Flag antibody to detect AlM2
expression level. (B) The growth rate was measured by cell number versus time of
growth. 2x10* cells were plated under either with or without doxycycline, cells were
collected and accounted every other days. Cell numbers were plot in panel B.
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Fig. 5. Tet-off AIM2 exhibits an anti-tumor effect on human breast cancer cell in an
orthotopic mouse model. Six week-old female nude mice (ten mice/group) were
inoculated with 2x10° cells of MCF-7 stable clones which gene expression under
tetracycline regulation system (MCF-Luc: stably express luciferase after removal of
textracycline/Doxicycline from media; MCF-AIM2: stable clone of AIM2 tet-off system).
The mice were fed with sucrose water with/without Doxicycline (2mg/mit). Tumor sizes
were measured with a caliper twice a week. The tumor volume was calculated using the
formula: Volume SxSxL/2 where S is the short length of the tumor in cm and L is the
long length of the tumor in mm (bar, SE).
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Emodin Down-regulates Androgen Receptor and Inhibits Prostate
Cancer Cell Growth

[

Tai-Lung Cha,” Lin Qiu,’ Chun-Te Chen,' Yong Wen," and Mien-Chie Hung"

‘Department of Molecular and Cellular Oncology, The University of Texas M.D. Anderson Cancer Center and *Graduate School of
Biomedical Science, The University of Texas Health Science Center at Houston, Houston, Texas and *Division of Urology, Department of

Surgery, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan

Abstract

Hormone-refractory relapse is an inevitable and lethal event
for advanced prostate cancer patients after hormone
deprivation. A growing body of evidence indicates that
hormone deprivation may promote this aggressive prostate
cancer phenotype. Notably, androgen receptor (AR) not only
mediates the effect of androgen on the tumor initiation but
also plays the major role in the relapse transition. This
provides a strong rationale for searching new effective agents
targeting the down-regulation of AR to treat or prevent
advanced prostate cancer progression. Here, we show that
emodin, a natural compound, can directly target AR to
suppress prostate cancer cell growth in vitro and prolong the
survival of C3(1)/SV40 transgenic mice in vivo. Emodin
treatment resulted in repressing androgen-dependent trans-
activation of AR by inhibiting AR nuclear translocation.
Emodin decreased the association of AR and heat shock
protein 90 and increased the association of AR and MDM2,
which in turn induced AR degradation through proteasome-
mediated pathway in a ligand-independent manner. Our
work indicates a new mechanism for the emodin-mediated
anticancer éffect and justifies further investigation of emodin
as a therapeutic and preventive agent for prostate cancer.
(Cancer Res 2005; 65(6): 2287-95)

Introduction

Prostate cancer is the most common malignant disease and the
second leading cause of death in U.S. male cancer patients. Despite
that diagnosis is earlier than in the past, the incidence and
mortality rates of this cancer are still increasing steadily. About
220,900 cases diagnosed and 28,900 deaths were attributed to the
disease in 2003 (1), and inevitably, 29,900 men are expected to have
die of this disease in 2004 (2). On this devastating disease with
tremendous impact on public health, unfortunately, the effective
treatment options are limited and metastatic disease frequently
develops even after potentially curative surgery or radiation
therapy (3-5). Besides focusing on early diagnosis and treatment
of this long-term and multistep malignant disease, prevention may
be an alternative and more effective approach.

A recent and exciting prevention trial for prostate cancer has
been done to show that finasteride, a 5-o reducatase inhibitor that
inhibits the conversion of testosterone to a more potent androgen,
dihydrotestosterone, has the chemopreventive effect for prostate
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cancer development (6). Their results support that prevention
could be a right direction and strategy while dealing with prostate
cancer, but this study points out that finasteride also increases the
risk of high-grade prostate cancer. One possible explanation for the
outcome may have resulted from the fact that finasteride reduced
the intraprostatic dihydrotestosterone level that created an
environment more beneficial for those less androgen-dependent,
high-grade cancers to grow (7, 8). Consistent to this notion,
previous reports showed that men who developed prostate cancers
with low testosterone levels have higher Gleason grades and worse
outcomes than those with normal testosterone levels (9-11). Thus,
although the clinical trial was successful, the results do not provide
a clear resolution for patients and physicians to choose finasteride
as a preventive agent due to the potential high risk for
development of high-grade prostate cancer, which is associated
with much higher mortality rate.

Prostate cancer depends on androgen receptor (AR) to mediate
the effect of androgen on tumor initiation and progression (12).
The standard hormone therapy for prostate cancer aims at
inactivating AR transcriptional activity by androgen deprivation
(through surgical or medical castration) or androgen blockade
(with AR antagonists; refs. 13, 14). The same concept has been
applied to prostate cancer prevention. However, for those advanced
prostate cancer, this response is temporary; as disease progresses,
almost all prostate cancers eventually become androgen indepen-
dent. More and more evidence suggest that hormone therapies for
prostate cancer may promote the phenotypic progression of those
tumor cells that are able to survive the acute period of the therapy
(15, 16). Although prostate cancer uses various schemes to subvert
normal restraints on cell growth along with deprivation of
androgen, a common feature among the diverse schemes is that
the AR is still expressed and required for androgen-independent
prostate cancer cell growth (17-20). These tumors are androgen
independent but seem to remain AR dependent. Thus, it is
important to develop new compounds that can inhibit AR function
in an alternative, ligand-independent manner.

Many phytochemicals derived from plants, such as genistein and
curcumin, have been shown to possess substantial anticancer
activities in prostate cancer, and clinical trials using these
phytochemicals to prevent prostate cancer are ongoing (21). In
the present study, we found that emodin (1,2,8-trihydroxy-6-
methylanthraquinone), a natural compound extracted from Rheum
palmatum, has more potent anticancer activity of prostate cancer
than genistein and curcumin. Our results showed that emodin
inhibits AR transcriptional activity by preventing AR nuclear
translocation. Emodin treatment results in decreased association
of AR and heat shock protein 90 (hsp90) but increased association
of AR and MDM2, thus inducing AR degradation in a ligand-
independent manner. Most importantly, we showed that, through
targeting AR, emodin could suppress prostate cancer cell growth
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in vitro and prolong the survival of prostate cancer-producing
C3(1)/SV40 transgenic mice in vivo. These results indicate a new
mechanism for the emodin-mediated anticancer effect and justify
further investigation of emodin, a natural compound as a
therapeutic and preventive agent for prostate cancer.

Materials and Methods

Cell Culture. LNCaP, PC3, DU-145, 293, and COS-1 cells were obtained
from the American Type Culture Collection (Rockville, MD) and cultured
in serum-containing medium as recommended by the supplier. PC3-AR
cells are a clonal cell line derived by stable transfection of PC3 cells with
a plasmid containing the coding region of the human AR. PC3-neo cells
were stably transfected with the same vector lacking the AR cDNA
sequence. Medium for PC3-AR cells also contained the selective antibiotic
G418 (400 pg/mL, Life Technologies, Inc., Gaithersburg, MD). For
experiments requiring an androgen-depleted condition, cells were
incubated in phenol red-free RPMI 1640 supplemented with 5%
charcoal-stripped fetal bovine serum (c-FBS) for 1 day before initiation
of the experiment.

Reagents and Plasmids. The synthetic androgen R1881 (Perkin-Elmer,
Boston, MA) was dissolved in 100% ethanol and stored at —20°C for up to
1 month. Emodin (Sigma Co., St. Louis, MO), MG-132, AG1478, LY294002,
U0126, curcumin, and genistein (Calbiochem, San Diego, CA) were dissolved
in DMSO. Anti-AR antibody (15061, 15071), anti-MDM2 antibody, and anti-
hsp90 antibody were purchased from PharMingen (San Diego, CA), Oncogene
(San Diego, CA), and Santa Cruz Biotechnology (Santa Cruz, CA) respectively.
Expression plasmids used were pSG5-AR, pcDNA3-MDM2, and pcDNA3.1-
green fluorescent protein (GFP)-AR. pSG5-AR was generated by inserting the
human AR cDNA into the EcoRI and BamHI sites near the start and
termination codons of expression vector pSG5. pcDNA3-MDM2 was
generated as described previously (22). pcDNA3.1-GFP-AR was kindly
provided by Dr. Zhengxin Wang (University of Texas M.D. Anderson Cancer
Center, Houston, TX).

Proliferation and [*H]Thymidine Incorporation Assays. Cells were
seeded in 96-well microtiter plate overnight. Thereafter, cells were treated
with different concentrations of emodin (0, 10, 20, or 40 pmol/L) and equal
volume of DMSO as the control and then incubated for additional 24, 48, or
72 hours. The proliferation rates of the cell lines were analyzed by
measuring 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT) assay and [*H}thymidine incorporation as described previously (23).

Reverse Transcription-PCR. Total RNA was extracted from cells and
reverse transcription-PCR was done as per the manufacturer’s instructions
(SuperScript preamplification system, Life Technologies). The primers
derived from the AR coding sequence (5'-CTCACCAAGCTCCTGGACTC-
3) and prostate-specific antigen (PSA) coding sequence (5'-GCAGCATT-
GAACCAGAGGAG-3) were used to amplify the AR and PSA transcripts,
respectively. Primers for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) internal control were 5-AGGTGAAGGTCGGAGTCAAC-3 and
5-TCCATTGATGACAAGCTTCCC-3. Amplification was done on a Perkin-
Elmer DNA cycler 480 for 35 cycles with denaturing at 94°C for 30 seconds,
annealing at 58°C for 1.5 minutes, and extension at 72°C for 1.5 minutes.

Transient Transfection and Luciferase Assay. LNCaP and PC3 cells
were plated 1 day before transfection at a density of 2 X 10° cells per well in
six-well plates. LNCaP cells were cotransfected with a luciferase reporter
plasmid (0.3 pg PSA-luc or probasin-luc), a B-galactosidase expression
plasmid (0.2 pg CMV-B-gal), and expression plasmids with an empty vector
(0.9 ug each) as indicated using liposomes. For PC3 cells, the procedure was
the same, except that these cells were cotransfected with additional
AR plasmid (0.3 pg pSG5-AR). After transfection, the cells were cultured
in phenol red-free medium supplemented with 5% c-FBS in the absence
or presence of the synthetic androgen R1881 (1 nmol/L) and various doses
of emodin. Cell lysates were collected 48 hours after transfection, and the
luciferase activity of each sample was measured using a luciferase assay kit
(Promega, Madison, WI). B-galactosidase activity was determined to
normalize variations in transfection efficiency.

Western Blot Analysis and Immunoprecipitation. LNCaP cells treated
with emodin in presence or absence of 0.1 nmol/L R1881 were harvested,
protein was extracted, and Western blots and immunoprecipitation were
run as described previously (23). Primary antibodies against AR (1:500),
MDM2 (1:1,000) were used to probe the blots. The intensity of the protein
signal was guantitated by Bio-Rad PDQuest Image software (Hercules, CA).

Fluorescence Imaging and Fractionation. For immunodetection,
treated cells were measured as described previously (22). Fluorescence
imaging of living cells was done through an Axiovert 200 inverted
fluorescence microscope (Zeiss, Germany). COS-1 cells were transiently
transfected with chimeric GFP plasmid (pcDNA3.1-GFP-AR) and allowed to
express chimeric protein for 24 hours. The cells were first analyzed without
undergoing any treatment and then examined after the addition of different
inhibitors for 30 minutes followed by the addition of 0.1 nmol/L R1881 into
the same chamber. The same living cell was studied and recorded at
different times, For cell fractionation, procedures were described previously.

Xenograft and Transgenic Mice Models. All animal experiments were
done in accordance with institutional guidelines for animal welfare. PC3
(4 % 10°% and PC3-AR (4 X 10°) were injected s.c. into 5- to 6-week-old male
athymic nude mice. One week after cell implantation, animals were
randomized into two groups (n = 10 each). Each group was treated with i.p.
bolus injections of either the drug vehicle (DMSO) or emodin (40 mg/kg)
everyday. Tumors were measured with a caliper once a week, and their
volumes were calculated using the formula: 7 / 6 X a X b% where a and b
are the long and short diameters, respectively. Three pairs of C57BL/6J-TgN
C3(1)/SV40 Tag-transgenic mice were purchased from Jackson Laboratory
(Bar Harbor, ME) and the transgenic progeny was identified by PCR analysis
of tail DNA isolated from 3-week-old litters using standard techniques.
We treated 4-week-old mice (10 mice per group) with DMSO or emodin
(40 mg/kg) everyday by ip. injection. Each treated mouse received
supplemental dosages at 140-day intervals, and the efficacy of the treatment
was measured by body weight and survival. Additional groups of mice
(six to seven mice per group) were given treatment as described above but
sacrificed at age 21 weeks for histologic and Western blot analyses.

Immunohistochemical Staining. Inmunohistochemical analysis for AR
protein expression in tumor samples was done as described (24). Polyclonal
antibody against AR was purchased from Upstate (Waltham, MA).

Statistics. All results from the in vitro experiments are presented as
mean * SE. Comparisons were made with Student’s ¢ test. SSPS software
was used in all analyses.

Results

Emeodin Inhibits Cell Proliferation of Androgen Receptor-
Positive Prostate Cancer Cells. As an initial attempt to compare
the effect of emodin on prostate cancer cells with other two well-
characterized natural compounds, genistein and curcumin, we
treated AR-positive LNCaP cells with low (10 pmol/L) and high
(40 pmol/L) concentrations of emodin, genistein, and curcumin.
Interestingly, the antiproliferative effect of emodin was more
significant than genistein and curcumin even in low-dose range
(Fig. 14 and B). Because AR-positive LNCaP cells respond and
proliferate on androgen stimulation (25), we treated LNCaP cells
with various concentrations of emodin in the presence of the
synthetic androgen R1881. Emodin efficiently inhibited LNCaP cell
proliferation and DNA synthesis stimulated by R1881 in a dose-
dependent manner; meanwhile, the inhibition was also significant
at low concentration (Fig. 1C and D). To further investigate the
antiproliferative effect of emodin, we treated another prostate
cancer cell line, DU-145, with various concentrations of emodin.
DU-145 cells, which are derived from a brain metastasis, do not
express the AR and grow independent of androgen. The AR-
negative DU-145 cells are more resistant to the emodin-mediated
antiproliferative effect than the AR-positive LNCaP cells (Fig. 1E).
Although AR is not the only difference between LNCaP and DU-145
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prostate cancer cells, this result raises an interesting possibility
that AR-positive prostate cancer cells may be more sensitive to
emodin treatment. To extend this observation, we tested the effect
of emodin on a pair of AR-negative and AR-positive prostate cancer
cell lines, PC3 and PC3-AR. PC3 is a well-defined AR-negative
prostate cancer cell line and PC3-AR is a clonal PC3 cell line stably
transfected with AR. Thus, they have identical genetic background,
except for the AR status. Again, the AR-positive PC3-AR cells are
much more sensitive to emodin freatment than the AR-negative
PC3 cells (Fig. 1F). Treatment with low-dose (10 pmol/L) emodin
yielded a significant inhibition of PC3-AR cell growth by 35% within
72 hours compared with parental PC3 cell growth by 7% (P < 0.01)
high-dose (40 pmol/L) emodin showed some inhibition of PC3 cell
growth by 22% but more significant inhibition of PC3-AR cell
growth by 60% (P < 0.001). The antiproliferative effect of the PC3-
AR cells was evident already 24 hours after emodin treatment but
not of PC3 cells (data not shown). Thus, this result is consistent
with the results showed in Fig. 1E and supports the notion that AR-
positive prostate cancer cells are more sensitive to emodin
treatment.

Emodin Inhibits Androgen Receptor Transcriptional Activ-
ity and Nuclear Translocation. Because AR mediates the effect
of androgen on cell proliferation and survival in LNCaP cells, and
AR-positive prostate cancer cells are more sensitive to emodin
treatment, we hypothesize that emodin inhibits the function of
AR. To test this hypothesis, we investigated the effect of emodin

on AR downstream target gene expression. Reverse transcription-
PCR and Western blot analysis showed that expression of PSA, an
AR-targeting gene, was down-regulated by emodin (Fig. 24 and B).
To further test the effect of emodin on AR transcriptional activity,
we transiently transfected LNCaP cells with PSA-luc and
probasin-luc reporters, two well-characterized AR-targeting pro-
moters. Both androgen-mediated PSA and probasin promoter
activities were repressed in emodin-treated cells in a dose-
dependent manner (Fig. 2C). The emodin-mediated repression of
PSA and probasin reporter activities were also observed in PC3
cells with the cotransfection of AR-expressing vector, pSG5-AR
plasmid and reporters (Fig. 2D). Without cotransfection of pSG5-
AR, these two reporters will not respond to R1881 stimulation
and emodin has no effect on their promoter activities in the AR-
negative PC3 cells (data not shown). Thus, emodin inhibits the
transcriptional activity of AR. The function of AR is closely related
to its subcellular localization. Because emodin can inhibit AR
transcriptional activity, we examined the effect of emodin on AR
subcellular localization. The intracellular distribution of AR in
LNCaP cells was assessed using immunofluorescence microscopy.
AR was mostly localized in cytosol in the absence of androgen for
24 hours (Fig. 2E). After stimulation with 1 nmol/L R1881 for 2
hours, AR translocated into the nucleus as clearly indicated by
the yellow staining in the nucleus merged from AR (green) and
nuclear 4',6-diamidino-2-phenylindole (red) staining. However,
when cells were treated with both R1881 and emodin, AR was
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mostly retained in the cytosol as shown by the AR staining
(green) in the cytosol and reduced yellow staining in the nucleus.
The emodin-mediated cytosolic retention of AR was also
supported by the biochemical approach from cellular fraction
experiments (Fig. 2F). To further investigate the specific effect of
emodin on AR nuclear localization, we did the time lapse
experiment by using a fusion protein between AR and GFP to
dynamically evaluate AR trafficking in a single living cell. We
transfected the AR-GFP fusion protein to COS-1 cells and then
tested the effects of different kinds of inhibitors—emodin, AG1478
(a tyrosine kinase inhibitor), genistein (a tyrosine kinase
inhibitor), 1Y294002 (a phosphatidylinositol 3-kinase inhibitor),
and U0126 (a mitogen-activated protein kinase inhibitor)—on AR
nuclear localization under different times. Before proceeding with
this experiment, all the inhibitors were tested and titrated to the
optimal dosage for inhibition of their functional targets {data not
shown). Under the stimulation by R1881 for 2 hours, only emodin,

but not the rest of the inhibitors, prevented AR nuclear
translocation (Fig. 2G). This effect can be observed for up to 24
hours (data not shown).

Emodin Induces Androgen Receptor Degradation through
Proteasome-Mediated Pathway. Because androgen stimulation
induces AR nuclear translocation and emodin inhibits this activity
resulting in AR accumulation in the cytosol, it becomes very
interesting to further investigate the fate of AR under this
condition. To this end, we treated LNCaP cells with various
concentrations of emodin or for different lengths of time in the
presence or absence of 1 nmol/L R1881 and measured AR protein
expression. A time- and dose-dependent reduction of the AR
protein level was observed (Fig. 34 and B). Although AR is more
stable and has a higher basal level of expression in the presence of
ligand, emodin can efficiently deplete AR even in cells undergoing
synthetic androgen R1881 stimulation. Thus, emodin-induced
depletion of AR is ligand independent. To investigate the molecular
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mechanisms for AR depletion, we first investigate whether emodin
may have effect on AR mRNA expression. We analyzed AR mRNA
level under the treatment with various concentrations of emodin
by reverse transcription-PCR and found that emodin did not
influence AR mRNA level (Fig. 3C). We then further test the effect
of emodin on AR protein stability. By using cycloheximide to
inhibit protein synthesis, the AR protein stability was significantly
reduced under emodin treatment (Fig. 3D). To test whether emodin
induce AR degradation through the proteasome pathway, treat-
ment with the proteasome inhibitor MG-132 resulted in a marked
suppression of emodin-induced AR depletion (Fig. 3E). These
phenomena were also observed in PC3-AR cells (Fig. 3F). Taken
together, these findings indicate that emodin induces AR
degradation through a proteasome-mediated pathway.

Emodin Disrupts Androgen Receptor-Heat Shock Protein 90
Association and Increases Androgen Receptor-MDM2 Associ-
ation and Ubiquitination. AR is known to form a heteromeric
complex with two molecules of hsp90, which has been shown to
participate in regulating the protein stability of ligand-unbound
AR. Previous reports showed that some tyrosine kinase inhibitors
can reduce the AR protein level (26). We further tested the

efficacy of emodin and other tyrosine kinase inhibitors, such as
genistein and AG1478, on the reduction of AR and the interaction
between AR and hsp90. Due to different drugs having different
kinetic and dynamic activities, we chose a relative high dose of
AG1478 (10 pmol/L) and genistein (50 umol/L) to ensure their
efficacy (27, 28). Under this situation, emodin-induced reduction
of AR is more potent than the other two tyrosine kinase inhibitors
especially in the presence of R1881 (Fig. 44). In addition, only
emodin can significantly disrupt the association between AR and
hsp90 whether treated for a short period (2 hours; Fig. 4B) or a
longer period (8 hours; data not shown). This result indicates that
emodin induces dissociation of AR and hsp90 involving a novel
mechanism different from other tyrosine kinase inhibitors. The
emodin-induced dissociation between AR and hsp90 may render
the incomplete AR heterocomplex more vulnerable to degradation
through the proteasome-mediated pathway. It has been shown
that AR can be ubiquitinated by an E3 ligase, MDM2 (14). We
hypothesized that dissociation of AR and hsp90 by emodin
increases the interaction between AR and the E3 ligase MDM2
and therefore enhances degradation. To test this hypothesis, we
measured the interaction between AR and MDM2 with or without
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LNCaP cells were incubated with ¢c-FBS medium
overnight and then treated with or without emodin
WB: Hsp90 (40 pmol/L), AG1478 (10 umol/L), and genistein
(50 umol/L) for 2 hours. Immunoprecipitation and
Western blot analysis were done with indicated
C D antibodies. WB, Western blotting of whole cell
- R1881- RISSI+ - 196 RISSI+ - R1881- lysates. C, LNCaP cells were incubated in c-FBS
medium in the presence or absence of 1 nmol/L
Emodind40pM - + - + Emodin 40 sM - - + R1881 overnight and then treated with or without
MG3210)M  +  + + + MG-1325uM + + + emodin (40 pmol/L} in the presence of MG-132
(10 umol/L) for 2 hours. AR immunoprecipitation
1P: AR X 1 ] was done as in B, except that immunoblotting was
IB: AR - IP: AR done with anti-MDM2 antibody rather than
IP: AR _— o anti-hsp90 antibody. D, LNCaP cells were
IB: MDM2 o . R - IB: Ubiquitin incubated in c-FBS medium overnight and then
treated with or without emodin (40 umol/L) in the
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1B: MDM2 1 nmol/L. R1881 stimulation for 8 hours. AR
1P MDM2 s i s immunoprecipitation was done and immunoblotting
IB: AR RS T was done with anti-ubiquitin antibody.
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emodin treatment in LNCaP cells. Emodin treatment increased
the association between the endogenous MDM2 and AR as
evident from coimmunoprecipitation experiments using anti-
bodies against MDM2 and AR (Fig. 4C). The emodin-induced
AR-MDM2 association was also shown in PC3-AR cell line (data
not shown), suggesting that this is a general phenomenon in
different cell types. In addition, emodin treatment resulted in an
increase of AR ubiquitination (Fig. 4D). Taken together, these
results indicate that emodin dissociates hsp90 from AR and
enhances AR and MDM2 association, which may lead to further
ubiquitination and degradation.

Emodin Inhibits PC3-Androgen Receptor Tumor Growth
and Down-regulates Androgen Receptor and Prolongs Surviv-
al of C3(1)/SV40 Transgenic Mice. The above results established
a novel molecular mechanism to explain how emodin may down-
regulate AR and inhibit prostate cancer cell growth in an in vitro cell
culture system. To further investigate the in vivo antitumor activity
of emodin, first we chose PC3 and PC3-AR xenografts as animal
models. Low-dose (40 mg/kg) emodin showed significant antitumor
activity in mice bearing PC3-AR xenograft (P < 0.01); however, the
inhibitory effect was not effective in PC3 xenograft (Fig. 54 and B).
Furthermore, we used C3(1)/SV40 transgenic mice as a second in
vivo experimental model. It is known that the male mice of this
strain will develop AR-positive prostate cancer and eventually die
with prostate cancer because the SV40 large T antigen was driven by
the promoter of rat prostatic steroid binding protein [C3(1)] gene in
the transgenic mice (29). Because the carcinogenesis of C3(1)/SV40
transgenic mouse model is primarily driven by AR, this transgenic
mouse model provides a clean background, and by using the tumor
development as a readout, we can more specifically test the effect of

emodin on AR in vivo. We treated male C3(1)/SV40 transgenic mice
with either emodin (40 mg/kg) or DMSO ip. every other day while
the mice were 4 weeks old and with no signs of tumors. Emodin-
treated mice have significantly longer survival than the control
group (P < 0.001; Fig. 5C). Emodin-treated mice maintained body
weight gain; in contrast, DMSO-treated control mice significantly
lost body weight gain after age 20 weeks (P < 0.05; Fig. 5D). We
noticed that not only the size but also the hair grooming and cage
activity were clearly different between emodin-treated and control
groups. In general, emodin-treated mice looked much healthier, but
the control mice seemed to be in distress with labored breathing,
cachectic and lethargic patterns (Fig. 5E). This result showed that
emodin not only has low drug toxicity but also maintains the
physical activity of C3(1)/SV40 transgenic mice by preventing tumor
progression, To further address whether the biological effect of
emodin is related to its ability to down-regulate AR, we analyzed AR
expression of tumor tissues from both emodin-treated and control
groups. Immunohistochemical staining using an AR-specific
antibody clearly indicated that prostate cancer tumor tissues from
emodin-treated mice were much weaker than those from the
control group (Fig. 5F and G). The same results were also obtained
by using Western blot analysis of fresh tumor samples taken from
other pairs of mice (Fig. 5H). In addition, when we analyzed the
tumor progressive status by histopathologic investigation of mice at
age 21 weeks, the emodin-treated mice clearly had a lower
incidence of tumor invasion to the periurethral muscle structure
(1/7) compared with the control group (7/7; Fig. 5I). Our results
showed that emodin indeed can down-regulate AR in C3(1)/SV40
transgenic mice model. Considering the success of the recent
finasteride prevention trial for prostate cancer and the dilemma it
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created due to its androgen deprivation nature, emodin, which
directly down-regulates AR in a ligand-independent manner, may
have an advantage for further development as a therapeutic and
chemopreventive agent for prostate cancer.

Discussion

Emodin, an active extract of R palmatum, has been shown to
have multiple biological activities, including anti-inflammatory,
antibacterial, diuretic, immunosuppressive, vasorelaxant, and
anticancer effects (30-33). We have shown previously that emodin
inhibits HER-2/neu tyrosine kinase activity, and it preferentially
suppresses growth and induces differentiation of the HER-2/neu-
overexpressing breast cancer cells but has no effects on normal cells
(34). Here, we found a novel emodin-mediated mechanism of
inhibition of prostate cancer cell growth, especially AR-positive cells,
through down-regulation of AR. AR mediates growth-promoting and
survival effects through either genotropic action by transcriptional

activation of target genes and nongenotropic action by activation of
phosphatidylinositol 3-kinase/Akt, mitogen-activated protein
kinase, and protein kinase C pathways (35-37). In PC3 cells stably
expressing AR, androgens are able to activate these nongenotropic
pathways (35, 37). Our results showed that both LNCaP cells with
endogenous AR and PC3-AR stable transfectants are more sensitive
to low-dose emodin. Emodin-mediated down-regulation of AR may
inhibit both genotropic and nongenotropic pathways and make cells
more vilnerable and result in growth inhibition.

AR is a nuclear transcription factor. Nuclear translocation is
a key step for AR in response to androgen stimulation (38), and this
process initiates the transactivation of downstream target genes to
promote prostate cancer cell proliferation and survival. Qur results
showed that emodin inhibits androgen-mediated AR nuclear
translocation and induces dissociation of AR and hsp90. However,
this phenomenon did not occur with treatment of other kinase
inhibitors, including receptor tyrosine kinase, mitogen-activated
protein kinase, and Akt pathway inhibitors. Consistent with
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Figure 5. Effect of emodin on in vivo animal models. A and B, in vivo antitumor activity of emodin on nude mice bearing PC3 and PC3-AR xenografts. *, P < 0.01.
C, 4-week-old mice were i.p. injected with 40 mg/kg emodin or DMSO every other day. Survival of mice treated with emodin or DMSO. **, P < 0.001. D, body
weight gain profiles of emodin-treated and control transgenic mice from 0 to 30 weeks. *, P < 0.05. E, emodin-treated mouse maintained body weight gain

and physical activity not seen in the control mouse (24 weeks old). F, tumor tissue sections from 21-week-old emodin-treated and contro! mice with identical
treatment as survival experiment in C were stained with antibody specific to AR. G, quantitative analysis of AR expression between emodin-treated and contro!
mice were assessed in 2,500 cells in several different views. *, P < 0.05. H, Western blot analysis of fresh tumor tissues obtained from two sets of 21-week-old
emodin-treated and control mice with identical treatment as survival experiment in C. /, H&E-stained tumor tissue sections from the emodin-treated and control
mice. Low magnification, x100; high magnification, x400. Control mice showed tumor invasion of periurethral muscle (black arrow) not seen in emodin-treated mice.
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previous reports, the association between AR and hsp90 is not
disrupted by other tyrosine kinase inhibitors (39). These results
suggest that emodin-mediated inhibition of AR nuclear transloca-
tion is specific and involves a novel mechanism correlating with
the dissociation of AR and hsp90. It has been shown that hsp90
function is required for AR nuclear translocation, which is
consistent with our observation (40).

The steroid receptors interact with hsp90 and other co-
chaperones to create a mature conformation for proper protein
function (40-42). Without hsp90 binding, the misfolded or
unfolded proteins will be recognized and degraded by the
ubiquitin-proteasome system (43). Emodin treatment induces
the dissociation between AR and hsp90 and increases the
association of AR and MDM2, providing a plausible mechanism
for the involvement of MDM2 as an E3 ligase for the emodin-
mediated AR degradation. Previous studies have shown that the
hsp90 inhibitors, such as geldanamycin and its derivatives, can
directly bind to the ATP-binding pocket of hsp90 and inhibit its
function and then further induce steroid receptor degradation (39,
41, 44-46). Although both emodin and geldanamycin share the
similar feature of abrogating the interaction between AR and
hsp90, their mechanisms are different. Emodin induces dissoci-
ation of AR and hsp90, but geldanamycin cannot. It will be
interesting to see whether MDM2 is also responsible for the
geldanamycin-induced AR degradation.

A recent study showed that overexpression of AR in hormone-
refractory xenograft model is consistent with observations in
human clinical specimens, and overexpression of AR promotes the
transition of hormone-dependent xenograft into a hormone-
independent xenograft (47, 48). These observations indicate that
reducing AR expression to a critical level would contribute to
preventing prostate cancer progression. Emodin-induced degrada-
tion of AR occurs in a ligand-independent manner. Thus, as long as
AR is functional in prostate cancer regardless of androgen-
dependent or androgen-independent status, emodin should inhibit
cancer cell growth because of the induction of AR degradation. In
addition to enhanced AR expression, other proposed mechanisms
include cross-talk between AR and other signal transduction
pathways also involved in development of the hormone-refractory
state. Overexpression of receptor tyrosine kinases, such as HER-2/
neu, also is known to contribute to prostate cancer development
(49). In this regard, it should be mentioned that high-dose emodin
also associates with the activity to inhibit tyrosine kinase and
suppress HER-2/neu-mediated tumorigenecity in breast cancer

cells (30, 34). The dual functions of anti-AR and anti-tyrosine
kinase may be an advantage for using emodin as a chemo-
preventive agent to avoid the development of aggressive prostate
cancer phenotype.

In addition to the observation of the effects of emodin in the
in vitro cell culture system, the in vivo effects were also observed
in emodin-treated C3(1)/SV40 transgenic mice. Our results
showed that emodin induced degradation of AR in the tumor
tissues, suppressed tumor development, and prolonged animal
survival. Because the carcinogenesis of C3(1)/SV40 transgenic
mice model is primarily driven by AR, emodin-induced
degradation of AR may compromise the SV40 oncogene
expression, which may not reflect the real chemopreventive
effect on inhibition of tumor development in C3(1)/5V40
transgenic mice. However, AR is responsible for the initiation
and progression of prostate cancer in a real situation. Our
transgenic model showed that emodin efficiently down-regulated
AR in vivo, which suggests that emodin have the potential as a
chemopreventive agent for prostate cancer. Emodin-treated mice
maintained their body weight gain and physical activity,
suggesting that the effective dose of emodin, which suppresses
tumor progression, is well tolerated and nontoxic. Tumor
invasion resulting in distant metastases is the major cause of
prostate cancer-related death (50). Emodin-treated transgenic
mice had lower incidence of periurethral invasion, which
represents the preventive effect of emodin contributing to
prolong the survival of transgenic mice.

Considering the dilemma created by the recent Prostate Cancer
Prevention Trial, this current study provides the evidence to
support that directly targeting AR rather than its ligands could be a
good strategy in the treatment or prevention of prostate cancer.
Emodin may have the potential as a novel anti-AR therapeutic and
preventive agent for prostate cancer.

Acknowledgments

Received 9/8/04; revised 11/16/04; accepted 1/13/05.

Grant support: NIH grants PO-1 (CA099031) and RO1 (CA109311) and Department
of Defense grant DAMD 17-01-1-0071.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

We thank Drs, Binhua P. Zhou and Weiya Xia for technical assistance, Dr. Stephanie
A. Miller for reviewing the article, and Dr. Zhengxin Wang for generously providing the
pcDNA3.1-GFP-AR plasmid.

References

1. Jemal A, Murray T, Samuels A, et al. Cancer statistics,
2003. CA Cancer J Clin 2003;53:5-26.

2. Jemal A, Tiwari RC, Murray T, et al. Cancer statistics,
2004. CA Cancer J Clin 2004;54:8-29.

3. Petrylak DP. Chemotherapy for advanced hor-
mone refractory prostate cancer. Urology 1999;54:
30-5.

4. Pisters LL. The challenge of locally advanced prostate
cancer. Semin Oncol 1999;26:202-16.

5. Richie JP. Anti-androgens and other hormonal thera-
pies for prostate cancer. Urclogy 1999;54:15-8.

6. Thompson IM, Goodman PJ, Tangen CM, et al. The
influence of finasteride on the development of prostate
cancer. N Engl ] Med 2003;349:215-24.

7. Morgentaler A, Bruning CO 3rd, DeWolf WC. Occult
prostate cancer in men with low serum testosterone
levels. JAMA 1996;276:1904-6.

8. Scardino PT. The prevention of prostate cancer—the
dilemma continues. N Engl J] Med 2003;349:297-9.

9. Ishikawa S, Soloway MS, Van der Zwaag R, Todd B.
Prognostic factors in survival free of progression after
androgen deprivation therapy for treatment of prostate
cancer. ] Urol 1989;141:1139-42.

10. Prehn RT. On the prevention and therapy of prostate
cancer by androgen administration. Cancer Res
1999;59:4161-4.

11, Schatzl G, Madersbacher S, Haitel A, et al
Associations of serum testosterone with microvessel
density, androgen receptor density and androgen re-
ceptor gene polymorphism in prostate cancer. J Urol
2003;169:1312-5.

12, Chang C, Saltzman A, Yeh S, et al. Androgen
receptor: an overview. Crit Rev Eukaryot Gene Expr
1995;5:97-125.

13. Huggins C, Hodges CV. Studies on prostatic cancer,
effect of castration, of estrogen and of androgen

injection on serum phosphatase in metastatic carcinoma
of the prostate. Cancer Res 1941;1:293-7.

14. Forster TH, Stoffel F, Gasser TC. Hormone therapy in
advanced prostate cancer. Front Radiat Ther Oncol
2002;36:49-65.

15, Kokontis JM, Hay N, Liao S. Progression of LNCaP
prostate tumor cells during androgen deprivation:
hormone-independent growth, repression of prolifer-
ation by androgen, and role for p27<"! in androgen-
induced cell cycle arrest. Mol Endocrinol 1998;12:
941-53,

16. Culig Z, Hoffmann J, Erdel M, et al. Switch from
antagonist to agonist of the androgen receptor
bicalutamide is associated with prostate tumour pro-
gression in a new model system. Br J Cancer 1995;81:
242-51.

17. Feldman B}, Feldman D. The development of
androgen-independent prostate cancer. Nat Rev Cancer
2001;1:34-45.

Cancer Res 2005; 65: (6). March 15, 2005

2294

www.aacrjournals.org




Emodin Induces Androgen Receptor Degradation

18. Zegarra-Moro OL, Schmidt L}, Huang H, Tindall D).
Disruption of androgen receptor function inhibits
proliferation of androgen-refractory prostate cancer
cells. Cancer Res 2002;62:1008-13.

19. Grossmann ME, Huang H, Tindall DJ. Androgen
receptor signaling in androgen-refractory prostate
cancer. ] Natl Cancer Inst 2001;93:1687-97.

20. Arnold JT, Isaacs JT. Mechanisms involved in the
progression of androgen-independent prostate cancers:
it is not only the cancer cell's fault. Endocr Relat Cancer
2002;9:61-73.

21. Surh Y], Cancer chemoprevention with dietary
phytochemicals. Nat Rev Cancer 2003;3:768-80.

22. Zhou BP, Liao Y, Xia W, et al. HER-2/neu induces p53
ubiquitination via Akt-mediated MDM2 phosphoryla-
tion. Nat Cell Biol 2001;3:973-82.

23. Wen Y, Hu MC, Makino K, et al. HER-2/neu promotes
androgen-independent survival and growth of prostate
cancer cells through the Akt pathway. Cancer Res
2000;60:6841-5.

24. Xing X, Wang SC, Xia W, et al. The ets protein PEA3
suppresses HER-2/neu overexpression and inhibits
tumorigenesis. Nat Med 2000;6:189-95.

25, Horoszewicz JS, Leong SS, Kawinski E, et al. LNCaP
model of human prostatic carcinoma. Cancer Res
1983;43:1809-18.

26. Fritz WA, Wang ], Eltoum IE, Lamartiniere CA.
Dietary genistein down-regulates androgen and estro-
gen receptor expression in the rat prostate. Mol Cell
Endocrinol 2002;186:89-99.

27. Steinbach JP, Klumpp A, Wolburg H, Weller M.
Inhibition of epidermal growth factor receptor
signaling protects human malignant glioma cells
from hypoxia-induced cell death. Cancer Res 2004;
64:1575-8.

28. Gao S, Liu GZ, Wang Z. Modulation of androgen
receptor-dependent transcription by resveratrol and
genistein in prostate cancer cells. Prostate 2004;59:
214-25,

29. Shibata MA, Ward JM, Devor DE, Liu ML, Green JE.
Progression of prostatic intraepithelial neoplasia to
invasive carcinoma in C3(1)/SV40 large T antigen

transgenic mice: histopathological and molecular bio-
logical alterations. Cancer Res 1996;56:4894-903.

30. Zhang L, Lau YK, Xia W, Hortobagyi GN, Hung MC.
Tyrosine kinase inhibitor emodin suppresses growth of
HER-2/neu-overexpressing breast cancer cells in athy-
mic mice and sensitizes these cells to the inhibitory
effect of paclitaxel. Clin Cancer Res 1999;5:343-53.

31. Kuo YC, Meng HC, Tsai W]. Regulation of cell
proliferation, inflammatory cytokine production and
calcium mobilization in primary human T lymphocytes
by emodin from Polygonum hypoleucum Ohwi. Inflamm
Res 2001;50:73-82.

32. Sato M, Maulik G, Bagchi D, Das DK. Myocardial
protection by protykin, a novel extract of frans-
resveratrol and emodin. Free Radic Res 2000;32:135-44.

33. Lee HZ. Effects and mechanisms of emodin on cell
death in human lung squamous cell carcinoma. Br J
Pharmacol 2001;134:11-20.

34. Zhang L, Chang CJ, Bacus SS, Hung MC. Suppressed
transformation and induced differentiation of HER-2/
neu-overexpressing breast cancer cells by emodin.
Cancer Res 1995;55:3890-6.

35. Peterziel H, Mink S, Schonert A, et al. Rapid
signalling by androgen receptor in prostate cancer
cells. Oncogene 1999;18:6322-9.

36. Unni E, Sun S, Nan B, et al. Changes in androgen
receptor nongenotropic signaling correlate with transi-
tion of LNCaP cells to androgen independence. Cancer
Res 2004;64:7156-68.

37. Baron S, Manin M, Beaudoin C, et al. Androgen
receptor mediates non-genomic activation of phospha-
tidylinositol 3-OH kinase in androgen-sensitive epithe-
lial cells. J Biol Chem 2004;279:14579-86.

38. Zhou ZX, Sar M, Simental JA, Lane MV, Wilson EM.
A ligand-dependent bipartite nuclear targeting signal
in the human androgen receptor. Requirement for the
DNA-binding domain and modulation by NH,-terminal
and carboxyl-terminal sequences. ] Biol Chem
1994;269:13115-23.

39. Bagatell R, Khan O, Paine-Murrieta G, et al. Destabi-
lization of steroid receptors by heat shock protein 90-
binding drugs: a ligand-independent approach to

hormonal therapy of breast cancer. Clin Cancer Res
2001;7:2076~84.

40. Georget V, Terouanne B, Nicolas JC, Sultan C.
Mechanism of antiandrogen action: key role of hsp90
in conformational change and transcriptional activity
of the androgen receptor. Biochemistry 2002;41:
11824-31.

41, Segnitz B, Gehring U. The function of steroid
hormone receptors is inhibited by the hsp90-specific
compound geldanamycin. J Biol Chem 1997;272:
18694-701.

42. Fang Y, Fliss AE, Robins DM, Caplan AJ. Hsp90
regulates androgen receptor hormone binding affinity
in vivo. J Biol Chem 1996;271:28697-702.

43. Pickart CM. Mechanisms underlying ubiquitination.
Annu Rev Biochem 2001;70:503-33.

44. Lee MO, Kim EO, Kwon HJ, et al. Radicicol represses
the transcriptional function of the estrogen receptor
by suppressing the stabilization of the receptor by
heat shock protein 90. Mol Cell Endocrinol 2002;188:
47-54.

45, Vanaja DK, Mitchell SH, Toft DO, Young CY. Effect of
geldanamycin on androgen receptor function and
stability. Cell Stress Chaperones 2002;7:55-64.

46, Solit DB, Zheng FF, Drobnjak M, et al. 17-Allylamino-
17-demethoxygeldanamycin induces the degradation of
androgen receptor and HER-2/nez and inhibits the
growth of prostate cancer xenografts. Clin Cancer Res
2002;8:986-93.

47, Chen CD, Welsbie DS, Tran C, et al. Molecular
determinants of resistance to antiandrogen therapy.
Nat Med 2004;10:33-9.

48. Linja M]J, Savinainen KJ, Saramaki OR, et al
Amplification and overexpression of androgen receptor
gene in hormone-refractory prostate cancer. Cancer Res
2001;61:3550-5,

49, Signoretti S, Montironi R, Manola §, et al. Her-2-reu
expression and progression toward androgen indepen-
dence in human prostate cancer. ] Natl Cancer Inst
2000,92:1918-25.

50. Waples MJ. Update on prostate cancer. WM]
1999;98:40-2.

www.aacrjournals.org

2295

Cancer Res 2005; 65: (6). March 15, 2005




Title/Referral Page
No Page Limit

a.  Proposal title (up to 160 characters)

TARGETED GENE THERAPY FOR ANDROGEN DEPENDENT AND INDEPENDENT
PROSTATE CANCER

b.  Proposal log number

PC051055

c.  PI’s full name (first, middle initial, last)

MIEN-CHIE HUNG

d. PI’sinstitution

THE UNIVERSITY OF TEXAS M. D. ANDERSON CANCER CENTER

e. Award mechanism

IDEA DEVELOPMENT AWARD

f. Please indicate if this is a:

X] NEW proposal

[ ] DUPLICATE proposal to another FY05 CDMRP program
[_] RESUBMITTED proposal to this program

g.  Keyword descriptive technical terms

PROSTATE CANCER, GENE THERAPY, ANIMAL MODELS

h.  Conflicts of interest: Include the follbwing information (no page limit)

o .. Role(s) on Proposed Project or
Name Institutional Affiliation(s) Perceived Conflicts of Interest
MIEN-CHIE HUNG, PH.D. UTMDACC PRINCIPAL INVESTIGATOR
XIAOMING XIE, PH.D. UTMDACC CO-INVESTIGATOR

TAI-LUNG CHA, M. D. UTMDACC RESEARCH ASSISTANT




FYO05 PCRP Idea Development Award Proposal
Table of Contents/Checklist

Proposal Log Number:  PC051055
Principal Investigator: Hung, Mien-Chie

Last Name First Name M

Proposal Title: Targeted Gene Therapy for Androgen Dependent and Independent Prostate Cancer

Yes

L]

O XXKRKRKXOOO KKXKXO OXKKXKKOXOCOORSOCCC

Page Number

Proposal INfOormation ...ttt sttt N/A
PropoSal CONACES ...vvveireeceirererinirereseseeetesesessesesesesersessssesssessnsrasaseressssestesestosassasessasessnnsesen N/A
Statement of Work (11,400-character lmit) ......cocoeeeeirereeinncecccreeesee et senernsse s N/A
Technical Abstract (5,700-character limit)........c.ccocveceerevererenmncrireeeceneennee e seereniessees N/A
Public Abstract (5,700-character IMit) ........cccccccvremmmencnenrnieeceecrsreesessee e sennsensesene N/A
Title/Referral Page (N0 page Limit) ......cooceveveeiirieicnieininr ettt sesas s e ene N/A
Table of Contents/Checklist (1-page Limit) ceveceiverceeeecirrescriireireeeescsereesessesereeseeseseses 1

Proposal Relevance Statement (1-page limit) .....ccocceeoemereniineeceninenenreeneeeceereceeeeesneene 2

Proposal Resubmission (if applicable) .....c.ccoeeviiceineeinreeeenrerrresssesee oo s sseene NA

Proposal Resubmission Statement (2-page lmit) ....ccoeveeeerecncrerererienierencsersenscsenes NA

Previous Submission Summary Statement (no page limit) ........coceeecerecccnenceenrernennes NA
Main Body (10-page Limit) .....coecereveererirueirerreceienetssnaseseseessesessaesssssssesssesesssssesseserassasessen 3-12
Nested Traineeships Proposal Body (if applicable) (2-page Hmit) .........cccccerrmreverernrnrenees NA
Abbreviations (1-page lIMit) ......ccceeeererrrnrecirtrirtnirn et es e srrserese st st srnenssnsesens 13
References (N0 PAZE LIMIL) .oovoeererrererrerrieeserneeseresseernnsesesesesesesertssnesasessesesessessaesarssssnseasns 14-17
Biographical Sketches (4-page limit per individual) .......ccoconreriicnniennniercceereneeene 18-23
Existing/Pending Support (0 page Hmit) ..c.ceoeveeueeverieerecrirercnereeeeee s secs e sensanseeens 24-26
Facilities/Equipment Description (10 page limit) ......cccocoeeviieeeincncnceineceee e 27
List of documents included in Questionnaires,

Survey Instruments, or Clinical Protocols SECtion ..........coevereverenierenrerceeeetsnnareseens N/A
Questionnaires, Survey Instruments, or Clinical Protocols (no page limit) .........ccoceeeeeeees N/A
Administrative Documentation (0 page limMit) .......coccceevrererreeererieresterecesreesesieseesesenesesesns 28

List of items included in this SECIOMN. ... eeruerererierrcrererce ettt es 28

Letter of support from Department Chair, Dean, or equivalent .........cccovevevmreeerrescrenns 29

Letter(s) of support from collaborator(s) with

prostate cancer reSearch EXPEriCICE ......ccvevrirverrrerirreeserseresrereietesesiseseeseseessesensesssseseseres 30

Letters of support from other collaborating individuals or institutions ..............cce...... N/A
Administrative Documentation for Nested Traineeship(s) (if applicable; no page limit) .N/A

Statement of Eligibility formgs) ........ccovveeveerinirineecerrrseeese et eas N/A
Progress Statement (if applicable) (2-page ML) ..ccovvervvvererereecerienrierreee et ensssnsenes 31-32

Supporting documentation (N0 PAZE ML) ....cccerrerrererercrcrirrnrereesrescseseeesrssessesssssssasesens 33
Publications and/or Patent Abstracts (5-document limit) ........cceeeeeeeevererreceernceeineeeereecrerens 87
Budget INFOrmation ..ottt eseestet st e sss ettt rnassaesesne N/A

Detailed Cost Estimate (D0 page limit) .....coecvvvvereeercrnrerereeenececseeseeserernseesssseseseeenes N/A

Budget Justification (n0 page limit) ......cccoovvrrimrereeeecrerirenensisereenscsrreseseesssseseeeseseens N/A
Regulatory Documents (Certificate of Environmental Compliance and

Principal Investigator Safety Program Assurance FOrm) .......occcveneinneninencencncncnns N/A
US Army Medical Research Acquisition Activity Documents

(Rate Agreement, Certifications and Assurances for Assistance

Agreements, and Representations for Assistance Agreements).........ccoecevueeecrvercuenines N/A

NOTE: Exceeding page limits may result in proposal rejection prior to peer review. Submit only materials
specifically requested or required in this program announcement. Submission of additional materials may
be construed as an attempt to gain an unfair advantage.




Proposal Relevance Statement

For advanced or metastatic prostate cancer that is initially androgen-dependent (ADPC) hormonal deprivation
therapy (ADT) is the primary choice. However, this modality eventually fails because prostate cancer
frequently develops to an androgen-independent state within 2 years. Androgen-independent prostate cancer
(AIPC) is an untreatable form of prostate cancer. In the prostate cancer gene therapy setting, the most
frequently reported prostate specific promoters, such as PSA, PB, and hK2, provide a possibility of targeting
transgene expression to the AR" prostate cancer (and normal) cells under the condition of androgen stimulation.
However, this type of promoter may not be useful for the treatment of AIPC or AR prostate cancer because
activation of these promoters is required for the androgen-AR complex to bind the androgen response element.

Recently however, a series of innovative integrated tactics for gene therapy of ADPC and AIPC has been
developed in our laboratory: (1) using the base of the hTERT promoter (WTERTp) fused with the TSTA
system and WPRE as well as ARR2, we engineered the ATTP promoter composite (ARR2PB.WTETp.TSTA-
WPRE), which targets the transgene expression to the ADPC and AIPC, AR" and AR prostate cancer. (2) We
developed a Bik mutant (BikDD) gene that possesses potent anti-tumor activity in prostate cancer cells in
vitro and in vivo. (3) We have improved the non-viral delivery system obtaining a stabilized polymer-liposome
compound, SN, which forms a 70-170-nm nanopaticle with plasmid DNA and is a more effective systemic
delivery system for gene therapy. And (4) we have established an in vivo and real-time imaging system for
monitoring of tumor growth and metastasis of prostate cancer.

In this proposal, three tasks will be carried out to accomplish our goals. In task 1, we will test the targeted
antitumor activity of ATTP-BikDD in ADPC and AIPC in vitro and in EZC (easy see using the IVIS™
system)-prostate cancer orthotopic models. Prostate cancer cell lines that stably express firefly tuciferase will
be generated and EZC-prostate cancer orthotopic models will be created. EZC-prostate cancer orthotopic mice
will be systemically administrated by i.v. injection of ATTP-BikDD plasmid DNA/SN complexes. The in vivo
antitumor activity of ATTP-BikDD and expression profiling of BikDD will be evaluated using the IVIS™
living imaging system and traditional methods, as well as after castration. For task 2, we will test the targeted
antitumor activity of ATTP-BikDD in an EZC-TRAMP model. We will crossbreed EZC-prostate mice with
TRAMP mice, to create bigenic mice, EZC-TRAMP, in which the tumors should glow. The antitumor activity
of ATTP-BikDD will be further tested in the EZC-TRAMP model. In task 3, we will evaluate the therapeutic
efficiency of gene therapy with combined conventional chemotherapy. Since non-viral methods of gene transfer
are less immunogenic than adenoviral vectors and generally considered a “safer” delivery vehicle for gene
therapy, we will employ our recently developed non-viral delivery system (SN) to systemically deliver the
ATTP-BikDD plasmid DNA into the tumor cells. A non-invasive imaging system, IVIS™ xenogen system,
will allow us to monitor tumor growth in real-time in vivo, which is essential for preclinical and clinical studies.

The successful targeted expression of ATTP-driven BikDD in AR" and AR prostate cancer cells in vitro and
in vivo will provide a foundation for the eradication of ADPC and AIPC. The glowing tumor models of EZC-
prostate cancer orthotopic and EZC-TRAMP mice will pave an avenue for real-time non-invasive monitoring
of the kinetics of tumor growth and metastasis. The ultimate achievement of the ATTP-BikDD/SN strategy
would lead to an innovative treatment for men with advance prostate cancer, regardless of ADPC and AIPC.
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1. BACKGROUND AND PRELIMINARY RESULTS

1.1. A strong prostate cancer-specific promoter for gene therapy of Androgen-dependent (ADPC) and

androgen-independent prostate cancer (AIPC) is needed. For patients with advanced or metastatic prostate
cancer that is initially androgen-dependent (ADPC), hormonal deprivation therapy (ADT) is the primary choice.
However, this modality eventually fails because prostate cancer frequently develops to an androgen-independent
state within 2 years [1, 2]. Androgen-independent prostate cancer (AIPC) is an untreatable form of prostate
cancer in which the normal dependence on androgen for growth and survival has been bypassed [3]. AIPC is a
lethal form of prostate cancer that progresses and metastasizes. In the prostate cancer gene therapy setting,
prostate specific promoters, such as prostate-specific antigen (PSA) [4-6] and probasin (PB) [7-10](Appendix 1),
have been recently developed and tested by many groups including us. The co-PI, Dr. Xie, while working with
Dr. David Spencer at Baylor College of medicine, has recently developed a human kallikrein 2 (hK2)-based
promoter, hK2-E3/P, and demonstrated that the activity of hK2-E3/P promoters is comparable to that of the
cytomegalovirus (CMV) promoter [11](Appendix 2), which provides a possibility of targeting transgene
expression to AR" tissues including normal prostate epithelia cells, androgen-dependent (ADPC) or AR'
(androgen receptor) prostate cancer cells under the condition of androgen stimulation. However, this type of
promoter may not be useful for the treatment of AIPC or AR prostate cancer because the activation of these
promoters is required for the binding of the androgen-AR complex to the androgen response element (ARE).
Currently, several prostate-specific promoters functioning in AR prostate cancer or in androgen-independent
manner have been reported by multiple laboratories including 1) the prostate-specific membrane antigen (PSMA)
enhancer can increase promoter activity in PSMA-expressing LNCaP and LAPC-4 cells. However, it exhibits
very low activities in the androgen-independent cell lines PC-3 and DU145 [12]; 2) the rPB-DR (6) promoter, by
substituting RARE (retinoic acid-response element) for the two AREs of PB, is active in both AR" (LNCaP,) and
AR (PC-3 and DU145) cells, but its activity is 10-fold lower than that of the SV40 promoter [13]; and 3) the PPT
promoter, by combining PSA and PSMA enhancers with TART promoter (T cell receptor y-chain alternate
reading frame protein), also shows less activity than the CMV promoter, particularly in PC-3 and DU145 cells
[14]. Thus, the reported androgen-independent promoters exhibit much lower activity in ADPC and AIPC
than the CMYV promoter. Therefore, developing a strong promoter that is active in both ADPC and AIPC

(or AR and AR) prostate cancer with specificity, is a big challenge for efficient gene therapy of prostate
cancer.

1-2. A robust and specific promoter for gene therapy of ADPC and AIPC is currently developed in our lab.
1-2-1. TSTA and WPRE enhance the activity of the hTERT promoter. We have recently developed a robust
prostate cancer promoter composite using the hTERTp promoter as a base in combination of TSTA and WPRE
(please see below). Telomerase is an RNA-dependent DNA polymerase that synthesizes telomeric DNA. The
telomerase holoenzyme is composed minimally of a constitutively expressed, template-containing RNA subunit
and a catalytic protein subunit (human telomerase reverse transcriptase, hTERT)[15]. Telomerase expression is
highly elevated in malignant tumors and cancer cell lines uncluding prostate cancer cells but not in normal tissue
[16]. Recently, the hTERT promoter (WTERTp) has been used for cancer gene therapy [17-19]. However, the
activity of this unmodified hTERTp is much weaker than that of the commonly used CMV promoter [17, 20, 21].
To augment the transcriptional activity of hTERTp, the two-step transcriptional amplification (TSTA) system
[22, 23] should be a good choice. In this system, the first step involves the tissue-specific expression of the
GAL4-VP16 fusion protein. In the second step, GAL4-VP16, in turn, drives target gene expression under the
control of GAL4 response elements in a minimal promoter. The use of TSTA can lead to amplified levels of
transgene expression. In addition, the post-transcriptional regulatory element of the woodchuck hepatitis virus
(WPRE) involves modification of RNA poly(A), RNA export, and/or RNA translation [24], WPRE can stimulate
2-to 7-fold more luciferase expression in vitro and 2- to 50-fold in vivo [25, 26]. Furthermore, long-term
transgene expression can be mediated by WPRE-containing adenoviral vectors [27]. Therefore, we used TSTA
and WPRE to amplify the hTERTp activity (Fig. 1A). The hTERTp activity is increased in both LNCaP and PC-
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3 cells through the TSTA system, and is further enhanced by WPRE (Fig. 1B). In combination with TSTA and
WPRE, the activity of hTERTp-TSTA-WPRE is comparable to or even 1.5-fold greater than that of the
CMYV promoter, in PC-3 and LNCaP cells, respectively. Importantly, its activity remains silent in human
normal lung fibroblast cells WI-38 and in normal tissue of the mouse model further confirmed later

(Section 1-2-3.).
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Fig. 1. Comparison of firefly
luciferase activity under the
control of CMV promoter and

hTERTp-based promoter
composites. (A) A schematic

diagram of reporter constructs. (B)
Prostate cancer LNCaP and PC-3,
and normal human fibroblast WI-
38 cells lines were transiently co-
transfected with reporter plasmid
DNA and the internal control
vector pRL-TK. 48 h later, the
dual = luciferase  ratio  was
measured. Shown are the
luciferase activities (folds) in
relative to the CMV promoter
(setting at 1).

1-2-2. The cis-acting ARR? element further boosts the activity of TSTA- and WPRE- modified hTERTp in

response to androgen stimulation in vive. In most cases of recurrent or metastatic prostate cancer through

ADPC to AIPC, the AR gene is amplified and/or AR is overexpressed and still able to bind to androgen (or
androgen analog) following by binding to the androgen responsive element (ARE), resulting in transcriptional
activation [28, 29]. In this regard, the therapeutic index should be greatly improved if the promoter contains an
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Fig. 2. (is-acting ARR2
element further boosts TSTA-
and/or WPRE modified
hTERTp in response to
androgen _ stimulation. (A)
Schematic diagram of reporter
constructs. (B) Cells were

transiently co-transfected with
reporter plasmid DNA and the
internal control vector pRL-TK.
48 h after incubation with
R1881, the dual luciferase ratio
was measured. Shown are the
luciferase activities (folds) in
relative to that of the CMV
promoter (setting at 1)

androgen analog)/AR complexes, leading
to stimulation of the therapeutic gene

expression. To accomplish this goal, the ARR2 element (androgen-receptor responsive element 2), which is
derived from ARR2PBJ8, 9], was fused to upstream of hTERTp in our newly constructed systems, to generate
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ATT-Luc (pGI3-ARR2.hTERTp-TSTA-Luc) and ATTP-Luc (pGlI3-ARR2.hTERTp-TSTA-Luc-WPRE)
(Fig. 2A). ARR2PB-Luc (pGl3-ARR2PB-Luc) was used as a control and CMV-Luc as a reference tool. The cells
were transiently co-transfected with the constructs and the internal control vector pRL-TK and incubated with
increasing concentrations of androgen analog, R1881., Indeed, the activities of ATT and ATTP composites
were increased in an androgen-dependent manner, up to 15- and 25-fold greater in AR'ADPC LNCaP
cells and up to 2.8- and 5.5-fold in AR'ATPC LAPC-4 cells, respectively, than that of the CMV promoter
(Fig. 2B). ARR2 does not interfere with the transcriptional activities of hTERTp-TSTA and hTERTp-TSTA-
WPRE in PC-3 and LNCaP cells (Fig. 1B and Fig. 2B), and their specificity in normal cells (data not shown).
Compared with ATTP and ATT, ARR2PB is much less active in AR" (LNCaP and LAPC-4) and almost inactive
in AR"(PC-3 and DU145) cells (Fig.2B). Thus, our newly generated ATTP and ATT are highly active in all
four cell lines tested, which activities are comparable in AR" AIPC (PC-3 and DU145) cells to, and much
stronger in AR" ADPC (LNCaP) and AR" AIPC(LAPC-4) cells than that of the CMV promoter, and
importantly remain silent in the normal cells.

1-2-3. ATTP is robust in ADPC and AIPC xenografts in vivo. To further determine whether the activity and
specificity of ATTP would be maintained in vivo, we established male BABL/c nu/nu mouse models of s.c.

CMV  ATTP LNCaP and PC-3 xenografts.
A ’ E Mice bearing LNCaP or PC-3
g : tumors were i.v. injected with
ig In | 50 Mg of pGL3-ATTP-Luc and
g: g pGL3-CMV-Luc in
B. ,§§ 1500 : DNA:liposome  complexes,
g 3 ;gg“. once a day for three
&8 : consecutive  days.  Mice-
‘ bearing LNCaP tumors were in
c. vivo imaged with a non-
g%‘ invasive imaging system [30]
Ty for two minutes every day and
B3 sacrificed 24 h after the last
D. Binlumirescnce g j§ injection. Bioluminescent
Cantrast “ 8 imaging showed very brilliant
E g 3 [y light spots in the area of the
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Fig. 3. In vivo luciferase expression in LNCaP and PC-3 xenografts after
systemic delivery of plasmid DNA. Male nude mice bearing s.c LNCaP tumors
were i.v. injected with DNA (CMV-Luc or ATTP-Luc):liposome complexes. Mice
were anesthetized, and imaged for 2 min with an TVIS™ imaging system following
an i.p. injection of D-luciferin. The imaging shown is 24 h after the last injection.
(A). Mice were then immediately dissected and imaged ex vivo for 2 min (B). The
dissected tumors were then immediately imaged for 10 min (C). (D). Ex vivo PC-3
tumors were imaged (as C) after systemic delivery of CMV-Luc or ATTP-Luc
plasmid DNA to the PC-3 tumor-bearing mice. The quantitative signal was
presented (right). (E). In vivo biodistribution of luciferase expression in the LNCaP
tumor model. Tissue specimens from tumor and organs as shown were dissected
and measured for luciferase activity with a luminometer.

Luc (Fig.3A). To

unambiguously determine the
source of the light, we
sacrificed the mice immediately
after live imaging, dissected
their major organs to be imaged
ex vivo. We verified that the
strongest photo-emitting organ
was the lung of mice treated
with CMV-Luc, whereas the
signal from the lungs of mice
treated with ATTP-Luc was
undetectable (Fig. 3B). To

morc
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increase signal strength by prolonging photon-exciting time, the dissected tumors were then immediately imaged
for 10 min. The tumors from mice treated with ATTP-Luc produced much stronger signal than ones from mice
treated with CMV-Luc (P, 0.002) (Fig. 3C). Consistent with the in vivo and ex vivo imaging results, the luciferase
activities from lungs and hearts of mice treated with CMV-Luc were significantly greater than that of mice
treated with ATTP-Luc. In contrast, the luciferase activity from tumors of mice treated with ATTP-Luc was
14.5-fold greater than that of the tumors of mice with CMV-Luc (P, 0.004) (Fig. 3E). The cancer-specific
index (the luciferase activity of tumors to lung) [31] was 14.3 for ATTP-Luc in contrast to 0.012 for CMV-
Luc in the LNCaP tumor model. Due to the fact that PC-3 cells are AR the signal from PC-3 tumors treated
with ATTP-Luc was not as great as that from LNCaP tumors. However, the signal from the PC-3 tumors of
mice treated with ATTP-Luc was still stronger than that of mice treated with CMV-Luc (Fig. 3D) and the
cancer-specific index (3.9) of ATTP-Luc is still much better that that (0.015) of CMV-Luc (data not shown).
Taken together, the “chimeric” ATTP is able to direct a gene of interest to the prostate tumor (both AR"
and AR) at least as efficiently as that of the CMYV promoter in the AR prostate cancer, and much more
efficiently in AR" prostate cancer whereas there is almost no expression in normal cells. The broad

prostate cancer specificity and a high transcriptional activity of ATTP will be further investigated in the
current proposal.

1-3: SN is an effective systemic delivery system for gene therapy. In an attempt to establish a non-viral gene
delivery system that can target metastatic cancers by systemic delivery of a therapeutic gene, we have recently
developed a stabilized non-viral liposome (SN). SN is a polymer-coated cationic liposome formulation
composedofl,2-dipalmitoyl-sn-glycerol-3-ethylphosphocholine, 1,2-dipalmitoyl-sn-glycero-3-phosphoethanoa-
mine-N-polyethyleneglycol-5000 (DSPE-PEG) and polyethylenimine. [32]. The DNA is entrapped in the
liposome after the thin-lipid film is hydrated and extruded through a filter with 0.2 pm diameter pores [32]. The
lipid/DNA ratio is 12:1, and the size of liposomal DNA particle is 70-170 nm in diameter. We reasoned that the
extended PEG (DSPE-PEG) on the surface of the liposome would effectively protect the liposome from being
attacked by blood components [33-36], and engulfed by phagocytes [37, 38] in vivo, thereby increasing the
nonspecific tumor uptake. The transfection efficiency of SN in various human cancer cells was 2- to 5- fold
higher than that of the most popular commercial transfection reagents, e.g. FuGene 6 (Roche, IN) and
Lipofectamine (Invitrogen, MD). We have also successfully demonstrated that the SN encapsulation of
CMV-driven therapeutic genes can inhibit tumor growth in vivo through i.v. injection in both mammary
and prostate tumor models [10, 32, 39] (Appendix 1, 3, and 4).

1-4. BikDD is a potent therapeutic gene for gene therapy of prostate cancer.

1-4-1. Bik is a promising therapeutic gene. Bik (Bcl-2 interacting killer, also named as NBK, natural born
killer), a pro-apoptotic gene in'the Bcl-2 family that ultimately controls cell survival and death, efficiently kills
various cancer cells through induction of apoptosis. Bik encodes an 18-kDa protein contains only the BH3
domain, which is essential for its pro-apoptotic activity [40-42]. Bik forms heterodimer with various anti-
apoptotic proteins, e.g. Bcl-2 and Bcl-Xp [43-45]), inducing cytochrome ¢ release without mitochondrial
membrane potential loss [46, 47]]. Ectopic expression of Bik leads to decreased Ca'” load [48]. It was recently
shown that Bik might be induced by tumor hypoxia [49]. Loss of informative alleles on chromosome 22q where
the Bik gene is located may be related to development of certain cancers, raising an interesting possibility that
Bik may belong to the category of classical tumor suppressor gene [50] . In addition, Bik induces apoptosis
through a p53-independent pathway [40]. Thus, Bik possesses many properties that allow for it to be an ideal
therapeutic gene candidate for cancer treatment. To support this notion, we have successfully demonstrated
that the SN encapsulation of CMV-driven Bik, can inhibit tumor growth in vivo through i.v. injection in a
mammary tumor model [32](Appendix 3)

1-4-2. BikDD is more potent in antitumor activity than Bik. More recently, we further developed a Bik mutant
(named BikDD), in which changes T33D and T35D were made to mimic the phosphorylation at these two

6




Principal Investigator/Program Director (last, first, middle): Hung, Mien-Chie

residues enhancing their binding affinity with the antiapoptotic proteins Bel-X; and Bcel-2 and were more potent
than Bikwt and other Bcl-2 family pro-apoptotic genes, such as Bad, Bak and Bok, inducing apoptosis and
inhibiting cell proliferation in various human cancer cells [39, 51]. BikDD-liposome complexes inhibited tumor
growth and prolonged life span more effectively than the Bikwt-liposome complex in orthotopic animal models
of breast cancer and s.c. prostate cancer xenografts (Appendix 4). Thus, our results demonstrate that BikDD
induces cell death (apoptosis) more potently than Bikwt, suggesting BikDD may be a very effective gene in
a gene therapy setting for prostate cancer [39] (Appendix 4).

1-4-3. BikDD may sensitize chemotherapy-induced apoptosis. Killing of tumor cells by diverse cytotoxic
approaches such as anticancer drugs, Y-irradiation, suicide genes, or immunotherapy have been shown to involve
induction of apoptosis in target cells [52-54]. A majority of human cancers including prostate cancer have been
found to have overexpression of Bcl-2, Bel-X, or both, suggesting that Bcl-2 and Bel-X, may play a critical role
in cancer progression. Further, both clinical and laboratory studies have demonstrated that a high expression level
of anti-apoptotic Bcl-2 proteins confers a wide spectrum of chemoresistant phenotypes on various cancer cells,
including AML, ALL, CLL, breast carcinoma, prostate carcinoma, and malignant brain tumors [55-58]. Based on
the Bcl-2 family’s role in regulating mitochondrial/cytochrome c-mediated apoptosis and their frequently
modified expression in human cancers, they are logical targets for the development of cancer chemotherapy by
inducing apoptosis either by themselves or in association with other anticancer drugs. Consistent with this
notion, Bik, which interacts with Bel-2 or Bel-Xi, has been shown not only to induce apoptosis of cancer cells but
also sensitize chemoresistant cells to drug-induced apoptosis in multiple cancer types [59-61]. BikDD interacts
with Bcl-2 and Bcl-X; more strongerly and is more potent in killing cancer cells than Bikwt does [39] (Appendix
4). It is reasonable to expect that BikDD will be more potent than Bikwt to sensitize chemotherapy-induced

apoptosis. Thus, the potential sensitization effect by combining BikDD gene therapy with chemotherapy
will be examined (Task 3).

1-5. In vivo and real-time monitoring of tumor growth and metastasis of prostate cancer has been
developed.

1-5-1. Bioluminescent imaging system is very useful for in vivo and real-time monitering. Several small
animal non-invasive, high-resolution imaging technologies are concurrently under development or being used
that would be potentially useful for in vivo imaging [62]. The highest resolution approach, MRI, based on the
differential behavior of electrons in various tissues, suffers from high cost, long sampling times and low
sensitivity in detection of molecular probes [38]. Other relatively high resolution and penetrating techniques, such
as PET and SPECT scans, are based on high-energy ionizing particles and are, thus, also expensive to carryout
[63-65]. Some lower-cost techniques can provide very high sensitivity and higher throughput. A couple years
ago, our lab established a bioluminescent imaging system, called the IVIS™ Xenogen system (Xenogen,
Alameda, CA), based on charged-coupled device (CCD) camera, in vivo biophotonic imaging technology and
computer science, which can effectively and safely measure light emitted from sources such as cells or small
animals to track gene expression, the spread of a disease, or the effect of a new drug candidate in vivo. The co-PI,
Dr. Xie, while working with Dr. David Spencer (Baylor College of Medicine), generated an EZC(easy see the
using IVIS™ system)-prostate transgenic mouse model in which a firefly luciferase gene was controlled by
prostate-specific promoter hK2.E3/P [30]. The data demonstrate the real-time monitoring of the kinetics of
prostate growth using this system (Appendix 5). This animal model will be further explored in Task 2.

1-5-2. The IVIS™ Xenogen system has been used for in vivo and real-time monitoring of tumor growth and
metastasis of prostate cancer in our lab. The bioluminescent imaging has been reported to detect lung and
bone metastases of prostate tumors [66], to monitor growth of lymphoma tumors in abdomen in animal models
[67], and detect in vivo cell proliferation and apoptosis [68, 69]. One advantage of this imaging technique is to
detect metastatic tumors in a real-time manner without sacrificing the animals. Recently, we have established a
glowing-prostate cancer orthotopic model in which the ventral part of the prostate was injected with the mouse-
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derived RM-1-luc cell line that stably expresses luciferase under the control of the EFla promoter. Using the
IVIS™ Xenogen system, we can non-invasively and real-time monitor the orthotopic tumor growth and metastasis
(Fig. 6). In the current proposal, this non-invasive real-time imaging technique will be employed to
enhance our ability to detect tumor sizes in response to gene therapy in animal studies.

Fig. 4. EZC-prostate xenografi
model. A. The in vivo imaging of

the mice  bearing  orthtopic
xenografts of RM-1-Luc cells. B.
Six weeks later, the in vivo and ex
vivo imaging shows tumor growth
and metastasis. C. H.E. staining
confirms the metastases in the lungs,
muscle, lymph nodes (L.N) and
bones.

Bone

2. HYPOTHESIS/PURPOSE

2-1. Hypothesis: As shown in the earlier section, the ATTP promoter highly demonstrates targeting transgene
expression to ADPC and AIPC prostate cancer cells. BikDD possesses potent antitumor activity. And SN is a
effectively systemic gene delivery system. The hypothesis is that ATTP-BikDD/SN is a powerful gene therapy
agent for both ADPC and AIPC. This hypothesis will be rigorously tested in pre-clinical animal models in the
current proposal. If successful, we will seek other funding for clinical trails in the future.

2-2. Rationale: ADPC is treated with ADT. However, this modality eventually fails because almost all of
prostate cancer frequently develops to an androgen-independent state (AIPC). For these reasons, it is critical that
a prostate cancer specific gene therapy functions not only in ADPC, but also in AIPC. ATTP is robust in prostate
cancer cells and virtually silent in normal tissues, and its activity is comparable to the CMV promoter in AR
prostate cancer, and 25-fold greater in vitro as well as 14.5-fold greater in LNCaP tumors in vivo than the CMV
promoter (Fig. 2 and 3). Thus, ATTP-driven BikDD may effectively kill both ADPC and AIPC and should be
minimum for potential side effect (compared with CMV-BikDD).

2-3: Purpose: To develop a novel therapeutic strategy for targeted gene therapy of ADPC and AIPC, not only in
AR", but in AR, localized and metastasized prostate cancer. We will employ our recently developed non-viral

delivery system (SN) to systemically deliver the ATTP-BikDD plasmid DNA, and real-time imaging system to
monitor the kinetics of tumor growth and metastasis.

3. SPECIFIC AIMS

3-1. To_test the targeted antitumor activity of ATTP-BikDD in ADPC and AIPC in vitro and in EZC-
prostate cancer orthotopic models.

3.2. To test the targeted antitumor activity of ATTP-BikDD in ADPC and AIPC in an EZC-TRAMP
model.

3.3. To evaluate the therapeutic efficiency of combined gene therapy with conventional chemotherapy.

4. RESEARCH DESIGN AND METHODS

4-1: Task 1: To test the targeted antitumor activity of ATTP-BikDD in ADPC and AIPC in vitro and in
EZC- prostate cancer orthotopic models.
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4-1-1: Generation and in vitro killing effect of ATTP-BikDD. We previously demonstrated that the expression
of BikDD driven by the CMV promoter was more potent than Bikwt in inducing apoptosis and inhibiting cell
proliferation in various human cancer cells including PC-3 and LNCaP cells, and suppressing tumorigenicity and
tumor taking rate ex vivo. Further, we demonstrated that CMV-BikDD/SN complexes inhibited tumor growth and
prolonged life span more effectively than CMV-Bikwt/SN complexes. In this proposal, using standard cloning
methodology, we will generate a construct of ATTP-BikDD in the pUK21 context, which contains a kanamycin
instead of ampicillin resistant gene, ultimately suitable for clinical trial use, . In addition, CMV-BikDD, ARR2-
BikDD and ATTP alone in pUK21 will be used as controls. A panel of prostate cancer cell lines (LNCaP, PC-3,
DU145, LAPC-4, TRAMP-C2 [TRAMP mouse-derived]), and normal primary human cells from prostate (PrEC,
PrSC, PrSMC), and lung fibroblasts (WI-38), will be tested for apoptosis and cell proliferation inhibition
mediated by these BikDD constructs. These primary cultured prostate cells were purchased (Combrex Bio
Science, Inc., Baltimore). The cells will be cotransfected with BikDD plasmid, plus GL3.CMV-Luc. At 48 h
posttransfection, the luciferase activity will be imaged for 2 min with the IVIS™ imaging system after 5 min
incubation with 5 ng/ml of D-luciferin. The percentage of the relative signal in comparison to positive control (set
at 100%) will be calculated. In addition, traditional methods (e.g. MTT, soft agar assays) will be used to assess
the inhibition of proliferation. The TUNEL assay and Annex V staining and DNA fragmentation will also be
explored to evaluate apoptosis. Western blotting will be used to examine the profiling of BikDD expression.
Androgen analog R1881 will be used to see if it can stimulate or interfere with the activity.

Expected Results: ATTP will direct expression of BikDD to, and kill, all the prostate cancer cells tested. ATTP-
BikDD will kill ADPC AR" (LNCaP) and AIPC AR’ (LAPC-4) cells more efficiently than CMV-BikDD or
ARR2PB-BikDD, and AIPC AR (PC-3 and DU145) cells at least comparable to CMV-BikDD, with minimal
cytotoxicity to normal cells.

4-1-2: Establishment of EZC-prostate cancer orthotopic models. A more rigorous test for the effect of BikDD
in a gene therapy setting is an orthotopic prostate tumor model through i.v. injection. In order to monitor in a
real-time manner the growth and metastasis (if any) of prostate cancer, we first will establish prostate cancer cell
lines that stably express firefly luciferase (LNCaP-Luc, PC-3-Luc and LAPC-4-Luc). This step is critical for real-
time monitoring of the antitumor effect of ATTP-BikDD on prostate cancer in an orthotopic mouse models with
the IVIS imaging system. The cell lines will be inoculated into the ventral part of the prostate of male nude mice
as described previously [10, 30].

Expected Results: The tumor will be bioluminescent and easily seen (EZC) in vivo and real-time using our
established imaging system (please see; Section 1-5-1 and 1-5-2) after an i.p. injection of D-luciferin. The mice
will be monitored with the IVIS™ system to determine when the treatment begins.

4-1-3. Antitumor_activity of ATTP-BikDD in EZC-prostate cancer orthotopic models. After the EZC-
prostate cancer orthotopic models (LNCaP-Luc, PC-3-Luc, and LAPC-4-Luc) were established, the mice will be
randomly divided into 4 groups, 10 mice per group. CMV-BikDD/SN, ATTP-BikDD/SN and ARR2PB-
BikDD/SN, or ATTP/SN complexes will be systemically administrated 1-2 times per week for 5-10 weeks (a pre-
test will be done). The potential therapeutic efficacy achieved from single injection and multiple injections (per
week) will be compared. The kinetics of growth and metastasis (if any) of the tumor will be monitored by the real
time imaging system. The tumor growth inhibition and the increased life span as well as systemic cytotoxicity
will be evaluated. BikDD expression will be measured by in situ hybridization and immunohistochemical
staining. The in vivo apoptosis index will be determined by TUNEL assay. Since the mice are expected to die
within 5-8 weeks without treatment in this orthotopic model, the mice will be sacrificed when moribund and the
survival time, prostate weight, and any paraaortic lymph node and distant metastases (also be ex vivo imagined to
identify the metastasis) will be recorded. We will compare the therapeutic efficacy among the four groups.

Expected Results: The therapeutic efficacy will be observed in inhibition or eradication of xenograft tumor
growth and metastasis of LNCaP-Luc, PC-3-Luc and LAPC-4-Luc, after treatment of CMV-BikDD/SN, ATTP-
BikDD/SN. But there will be no therapeutic efficacy in PC-3-Luc tumors if treated with ARR2PB-BikDD/SN.
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Furthermore, ATTP-BikDD/SN will be much more effective on LNCaP-Luc and LAPC-4-luc than ARR2PB-
BikDD/SN and CMV-BikDD/SN. We expect that CMV-BikDD/SN through i.v. injection will produce BikDD
expression, which will be widely distributed in various normal tissues such as heart, lung, liver, spleen and
kidney. On the other hand, the expression of BikDD driven by ATTP will be predominately expressed in prostate
tumors but not in normal tissues. In the case of ARR2PB-BikDD/SN, we expect to see a similar but much weaker

expression pattern like ATTP-BikDD/SN, and with much less therapeutic efficacy than that of ATTP-BikDD/SN
in LNCaP- and LAPC-4-induced tumors.

4-1-4. Antitumor activity of ATTP-BikDD in castrated mice. Androgen ablation by castration or biochemical
antagonists represents the most frequently adopted or standard clinical procedures in the treatment of advanced
prostate cancer patients. About 85 % of prostate (ADPC) will have an initial favorable response to this therapy
[2]. However, over time molecular and cellular changes occur so that ADPC eventually progresses to AIPC. At
this stage, the level of serum testosterone is often low. Therefore, it is critical to test whether ATTP-BikDD
retains effective antitumor activity after androgen ablation. To accomplish this, the mice bearing AIPC tumors
will be castrated following systemic administration of ATTP-BikDD. First, an orthotopic male nude mouse
model will be established by inoculation of LAPC-4-Luc cells as described above. The tumor growth will be
monitored with the IVIS™ system. Second, the mice will be castrated (this technique has mastered by our lab
[10, 30] ) when the tumor reaches an appropriate size. The tumor size will decrease due to decreased serum
testosterone. Finally, when the tumor size starts increasing (often 3-4 weeks after castration) [70], the mice will
be treated and data will be collected as described above.

Expected Results: After castration, the therapeutic efficacy of ATTP-BikDD/SN will be observed in inhibition
or eradication of xenograft tumor growth including metastasis, of LAPC-4-Luc, comparable to or better than that
of CMV-BikDD/SN based on results from Fig. 2B. This experiment has important clinical implication as many
patients with AIPC have been castrated or androgen ablated.

4-2. Task 2: To test the targeted antitumor activity of ATTP-BikDD in ADPC and AIPC in an EZC-
TRAMP model.

4-2-1. Establishment of an EZC-TRAMP model. Since spontaneous prostate cancer is primarily a disease of
man, prostate cancer research initially relied on in vitro studies using human prostate cancer cell lines or in vivo
studies using human xenografts in immunecompromised mice. However, these studies could not address the role
of the immune system in limiting tumor growth and repeated plasmid administration. Additionally, cell lines may
acquire mutations during in vitro culture that may decrease their relevance to human prostate cancer. Recently,
the development of murine models for prostate cancer has facilitated the search for treatment options [7, 71].
Therefore, in this study, we will use the autochthonous TRAMP (transgenic adenocarcinoma of murine prostate)
model [7], in which SV40 large T antigens are targeted to the mature epithelium of the dorsal, lateral and ventral
acini, leading to progressive tumors in 100% of males between 18 and 24 weeks and metastasis within 28 weeks
[7, 72]. Further, TRAMP-derived tumors are relatively slow growing, metastasize to draining lymph nodes, lungs
and bone, and ultimately become increasingly androgen-insensitive, like the human disease [73, 74]. To develo
a spontaneous prostate cancer model in which tumorigenicity and metastasis can be monitored with the IVIS
system, we intent to create an EZC-TRAMP model by crossbreeding homozygous EZC-prostate mice with
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homozygous TRAMP mice. The bigenic (i.e. carrying both Iuciferase and SV40 large T antigens) mice, EZC-
TRAMP (Fig. 5) will be genotyped by polymerase chain reaction and examined for bioluminescence with the
IVIS™ system. If this animal model is obtained, it will be very useful to tempo-spatially monitor tumor incidence
and follow-up therapeutic efficacy by in vivo imaging.

Expected Results: The growth kinetics and metastases of the tumors in the EZC-TRAMP mice can be monitored
with the IVIS system. If the EZC-TRAMP prostate cancer animal model is established, it will be very helpful in
identifying mice bearing spontaneous tumor for treatment.

4-2-2, Antitumor activity of ATTP-BikDD/SN in the EZC-TRAMP model. Most TRAMP mice start
hyperplasia with nuclear atypia at 10 weeks of age, and display invasive adenocarcinoma at 16 weeks of age.
Mature 10-and 16-week-old EZC-TRAMP mice (n=5 per group) will be i.v. injected with CMV-BikDD/SN,
ATTP-BikDD/SN, ARR2PB-BikDD/SN, or ATTP/SN complexes 1-2 times per week for up to 8-10 weeks. The
kinetics of growth and metastasis (if any) of the tumor will be monitored by the real time imaging system, and
BikDD expression, the in vivo apoptosis index, and morphologic changes will be determined described above in
the midst of treatment. AR expression will also be examined. The mice will be sacrificed when moribund and the
survival time, prostate weight, and any paraaortic lymph node metastasis will be recorded as described.

Expected Results: The therapeutic efficacy will lead to inhibition or eradication of tumor growth and metastasis
after treatment of CMV-BikDD/SN, ATTP-BikDD/SN and ARR2PB-BikDD/SN. ATTP-BikDD/SN will be
much more effective than CMV-BikDD/SN and ARR2PB-BikDD/SN. Similar to the orthotopic models, CMV-
BikDD/SN, through i.v. injection, will produce BikDD expression which will be widely distributed in various
normal tissues such as heart, lung, liver, spleen and kidney. However, the expression of BikDD driven by the
ATTP will be predominately expressed in tumors but not in normal tissues. ARR2PB will direct BikDD
expression to normal prostate tissue and prostate cancer tissue. Since both EZC-prostate mice and TRAMP mice
are available, it is feasible to generate EZC-TRAMP mice for the above experiment. However, in case the tumor

in the EZC-TRAMP mice is not bioluminescent as expected, we can still use TRAMP mice to perform these
experiments.

4-3. Task 3. To evaluate the therapeutic efficiency of combined gene therapy with conventional
chemotherapy.

4-3-1. Therapeutic efficiency of combined gene therapy with conventional chemotherapy in vitro. We will
examine the potential synergistic/additive effect on the killing of prostate cancer cells in cell culture of BikDD
overexpression in combination with chemotherapy treatment. Among chemo-agents, we will be particularly
interested in those agents such as docetaxel, paclitaxel, doxorubicin, and cisplatin [43, 75], which are commonly
administered to patients with advanced prostate cancer [75]. Prostate cancer cell lines will be transfected with
ATTP-BikDD, then treated with different dosages of chemo-agents. AR" (LNCaP, LAPC-4) and AR (PC-3 and
DU145) prostate cancer lines in our own laboratory will be investigated. Specifically, we will focus on the
LAPC-4 cells due to its AR and AIPC characterization. To ensure that we have a large window to measure
chemotherapy-induced apoptosis, we will first determine the dosage of ATTP-BikDD/SN that can induce at least
5-10% killing of the transfected prostate cancer cells in the absence of chemo-agents. Once the dosage of ATTP-
BikDD is determined for each prostate cancer cell line, it will be combined with a wide range of chemo-agents to
obtain the accurate ICso. The ICso of each chemo-agent will be compared in the presence/absence of ATTP-
BikDD transfection. The relative cell survival will be measured by cell number counting and MTT assays which
will be used to calculate the ICsp; and Annexin V, TUNEL and FACS analyses in several selected doses will
confirm the apoptosis.

Expected Results: Since Bik has been shown to sensitize chemo-induced cell killing in other cancer cells, we
expect that BikDD, which interacts with Bcl2 and Bcl-X;, more stongly than Bikwt, is likely to sensitize cells to
chemotherapy in culture. Therefore, the dosage of ICso for each chemo-agent in the presence of BikDD is
expected to be much lower than those in the absence of BikDD. The chemo-agents that show a significantly
lower ICsg in the presence of BikDD, will be selected for future tests in the combined therapy in vivo.
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4-3-2. Therapeutic efficiency of combined gene therapy with conventional chemotherapy in vivo. In this
setting, chemotherapy can be administered by i.p or i.v. injection and gene therapy (ATTP-BikDD) will be
administered by i.v. injection in the models described in Task 1 and Task 2. We are familiar with the combination
of chemotherapy and gene therapy as described in our previous publication [52]. Both tumor growth and survival
rate will be measured as described as above. To ensure that a maximum sensitization effect will be found, the
dosage of ATTP-BikDD/SN and chemo-agents will be optimized.

Expected Results: Some chemo-agents will show synergistic or additive therapeutic effect of ATTP-BikDD/SN
on prostate cancer in vivo. If successful, it will provide substantial evidence for further clinical trails.

5. Discussion, Alternative Approaches and Possible Pitfalls.

The proposal is based on the encouraging preliminary results showing that 1) BikDD possesses anti-tumor
activity in multiple cancer cell types, including prostate cancer cells in vitro and in vivo, 2) ATTP strongly targets
the transgene expression to the ADPC and AIPC, AR" and AR prostate cancer cells, 3) SN is an effective
systemic delivery system for gene therapy, and 4) In vivo and real-time monitoring of tumor growth and
metastasis of prostate cancer has been developed in our lab. Almost all the proposed experiments such as
transfection, growth assay, systemic delivery, TUNEL assay, in vivo and ex vivo imaging, orthotopic model,
transgenic mouse model, castration operation, preclinical gene therapy experiments, in vivo imaging, DNA/SN
complex, etc. are well-established techniques in the PI’s laboratory as shown in the preliminary results or PI and
co-PI’s publications (please see attached appendix). Thus, the techniques in this proposal should not be a
problem. We expect that within the three-year funding period, we should be able to develop a potential novel
therapeutic strategy using ATTP-BikDD gene therapy in combination with some chemotherapies_ in the
preclinical setting which, if successful, should enable us to translate it into clinical trials. We realize the fact that
both viral and non-viral gene delivery systems have their own strengths and weaknesses. We have successfully
used the non-viral delivery system in gene therapy starting from preclinical settings to clinical trials[76]. We feel
that it would be more productive for us to use what we are good at, i.e., BikDD/liposome. Therefore, non-viral
delivery gene therapy will be focused on in this proposal. However, if other gene delivery system is available and
shown to be a better approach, we will also explore the possibility of using it in this project.

Another concern is that the ATTP promoter that contains the TSTA system, leads to expression of a non-human
protein derived from Gal4VP2, which is a fusion protein linking a Gal4 binding domain to a transcriptional
activator domain of VP16. This non-human protein, if expressed in normal cells, might be immunogenic and
induce unforeseen potential adversary effects. However, since it is driven by the prostate cancer-specific
promoter (ATTP), Gal4VP2 will be predominately expressed in prostate cancer cells. Thus, the potential
adversary effects should be minimal (Task 2). As a matter of fact, if it is immunogenic and expressed in the
prostate cancer cells, it could be an advantage from a therapeutic point of view as it may facilitate a host immune
response to kill the prostate cancer cells expressing this protein. All these safety issues should be experimentally
tested in the standard toxicity study in the future before the initiation of a clinical trial.
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Abbreviations

ADIC androgen-independent prostate cancer

ADPC  androgen-dependent prostate cancer

ADPC  androgen-dependent prostate cancer

ADT androgen deprivation therapy

AIPC androgen-independent prostate cancer

AR androgen receptor

ARR2 androgen receptor responsive element 2

ARR2PB a modified PB promoter that directs a high prostate cancer-specific gene
ATT a promoter composite comtaining ARR2, hTERTp and TSTA
ATTP a promoter composite comtaining ARR2, hTERTp, TSTA and WPRE
Bik or Bikwt Bcl-2 interacting killer, also named as NBK, natural born killer
BikDD  a Bik mutant (T33D, S35D)

CMV cytomegalovirus

D-luciferin a substrate for Luc luciferase

EZC easy see (using the IVIS™ system)

FACS fluorescence-activated cell sorter

G418 neomycin (or Genecin)

hK?2 human kallikrein 2

hK2-E3/P hK2 promoter containg 3 enhancers.

HTERT human telomerase reverse transcriptase

hTERTp human telomerase reverse transcriptase promoter

HUVEC human umbilical vein endothelial cells

i.p. intraperitoneal(ly)r

LV intravenous(ly)

IVIS™  an trademark of Xenogen, Inc., meaning In Vivo Imaging System.
LAPC-4 human AR" prostate cancer cell line

LNCaP  human AR" prostate cancer cell line

MRI magnetic resonance imaging

MTT 3, (4,5-dimethylthiazol-2-yl) 2,5-diphenyl-tetrazolium bromide
PB probasin

PC3,DU145 human AR prostate cancer cell line

PET positron emission tomography
PrEC prostate epithelial cell
PrSC prostate stromal cells

PrSMC  prostate smooth muscle cells

PSMA  prostate-specific membrane antigen

s.C. subcutaneous(ly)

SN stabilized non-viral liposme-based delivery system.

SPECT  single photon emission computed tomography

TRAMP transgenic adenocarcinoma of murine prostate

TSTA two-steps transcriptional amplification

TUNEL terminal deoxynucleotidyl transferase dUTP nick end labeling
WPRE  woodchuck hepatitis virus response enhances
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